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Abstract
The present study aims to answer the question: what impact did the Heinrich
event 2 have on the technological organization of human communities, at the onset
of the Last Glacial Maximum, in south western Iberia? The impact of this event
on the Gravettian-Solutrean transition has been previously suggested (Bradtmöller
et al. 2012). However, the existing models do not consider the Proto-Solutrean
technocomplex as an individual phase for this transition (Cascalheira & Bicho 2013).
To address this question, this study analysed the lithic assemblages from Layers 5
and 4E of the site of Vale Boi (southern Portugal) and Levels U and T from Lapa do
Picareiro (central Portugal). We aimed to understand the technological patterns and
raw material exploitation during the Proto-Solutrean, and test the existing models
with assemblages from recently excavated sites, while expanding the geographic range.
The analysis followed a technological attributes approach. The retrieved data was
fully analysed in R environment.
Results show the existence of two discrete phases in each site. The first, with high
frequency of quartz use for bladelet production, seems to reflect the presence, in both
sites, of a Terminal Gravettian horizon, as defined by Almeida (2000). The second,
with some significant differences between sites, attests the presence of Vale Comprido
technology and lower quartz frequencies at Vale Boi, representing a Proto-Solutrean
occupation; and the presence of a blade component in Lapa do Picareiro that, together
with the respective absolute chronology, may attributed to a Proto-Solutrean or an
Early Solutrean horizon.
In general terms, this study allowed to confirm that the Terminal Gravettian
and the Proto-Solutrean are discrete phases across the transiton, in concordance
i
with the Three-Phase model presented by Zilhão (1997a). It further consolidates
the expansion of similar techno-cultural patterns to southern Portugal, that may be
explained by the expansion of social networks (Cascalheira & Bicho 2013). Associated
with the dominance of different technological patterns and intensive use of quartz,
we may understand these horizons as a moment of cultural reorganization, onset by
environmental pressures.
Keywords: Upper Paleolithic; Stone tool analysis; Climate change; Portugal.
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Resumo
O objetivo desta tese é responder à questão: que impacto teve o evento climático
Heinrich 2 (HE 2) na (re)organização tecnológica das comunidades de caçadores-
recolectores no início do Último Máximo Glacial (UMG), no sudoeste Peninsular?
Esta questão está intimamente ligada ao entendimento de certos eventos climáti-
cos abruptos, tais como os eventos de Heinrich, com a substituição de culturas ao
longo do Paleolítico Superior (Bradtmöller et al. 2012). Um destes momentos de sub-
stituição correlaciona a passagem entre os tecnocomplexos Gravetense e Solutrense
com o evento HE 2, no ínicio do UMG. Neste paradigma, as mudanças climáticas
desencadeiam mudanças sociais, através do colapso de tradições que depois são reor-
ganizadas, de forma a corresponder às novas condições ambientais e paisagísticas. No
entanto, nos modelos existentes, o Proto-Solutrense não surge como um tecnocom-
plexo individualizado, existindo assim uma lacuna no entendimento atual do processo
de transição entre os dois horizontes culturais supramencionados (Cascalheira & Bicho
2013).
O Proto-Solutrense, representado sobretudo na Estremadura Portuguesa, é enten-
dido como um tecnocomplexo de transição, ocorrendo entre os 26 300 cal BP e 25 400
cal BP, e caracterizado por mudanças na tecnologia e preferência de matérias-primas,
existindo dois modelos para a sua evolução: modelo em duas etapas e modelo em três
etapas (Zilhão 1997a).
O modelo em duas etapas considera a existência de um Gravetense Final e de um
Proto-Solutrense, este último caracterizado pelo uso intensivo de quartzo, estratégias
de produção para obtenção de lamelas em núcleos carenados e obtenção de suportes
convergentes para pontas de Vale Comprido. O modelo em três etapas consiste na
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evolução do Gravetense Final para uma etapa intermédia (no modelo das duas eta-
pas considerada uma fácies funcional do Proto-Solutrense), caracterizada pelo uso
intensivo do quartzo, estratégias de redução para obtenção de lamelas em núcleos
carenados, seguida de uma fase proto-solutrense caracterizada pela diminuição do
uso do quartzo e estratégias de redução para obtenção de suportes convergentes para
pontas de Vale Comprido. O conhecimento atual do Proto-Solutrense apresenta-se
truncado, no entanto, pela antiguidade de algumas escavações e a sua restrição ge-
ográfica à Estremadura Portuguesa.
De forma a responder à questão supramencionada, assim como contribuir para o
conhecimento do Proto-Solutrense no sudoeste Peninsular, foram analisados os con-
juntos líticos das camadas 5 e 4E do sítio arqueológico de Vale Boi (sul de Portugal)
e das camadas U e T da Lapa do Picareiro (centro de Portugal), ambos escavados
nos últimos 20 anos com recurso às mais recentes tecnologias de recolha de dados.
Esta análise teve a finalidade de entender os padrões tecnológicos e de explo-
ração do território durante a transição, através dos seguintes objetivos: 1) entender
e explicar os padrões tecnológicos e de preferência de matérias-primas intra-sítio; 2)
entender a existência de fases dentro das coleções estudadas; 3) testar os modelos de
transição existentes para a Estremadura e entender possíveis variações geográficas.
A análise seguiu uma abordagem de atributos tecnológicos e morfológicos, com
base em estudos aplicados a coleções do Paleolítico Superior, e seguindo os conceitos
definidos na literatura especializada (e.g. Tixier, 1980; 1963; Andrefsky, 1998; Inizan,
1999). Esta foi seguida de uma fase de tratamento estatístico através de estatística
descritiva efetuada em ambiente R. A escrita da tese foi também realizada em R.
Os resultados permitiram individualizar duas fases dentro de ambos os contextos:
• uma fase mais antiga (em torno dos 27 ka cal BP na Lapa do Picareiro, e
dos 26 ka cal BP em Vale Boi), atribuída ao Gravetense Terminal, presente
nas camadas U e T inferior da Lapa do Picareiro, e nos niveís inferiores da
camada 5 de Vale Boi - Terraço. Esta fase aparece caracterizada pelo uso
extensivo de quartzo (~50%), maioritariamente para a obtenção de lamelas.
Apesar de em ambos os sítios não ter sido detectada a presença de raspadeiras
carenadas ou elementos carenados, típicos do Gravetense Terminal (Almeida
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2000), a presença de lamelas de perfil encurvado intui para a utilização desta
estratégia de redução.
• uma fase mais recente (em torno dos 25 ka cal BP e dos 24 ka cal BP em
Vale Boi) e com características ligeiramente distintas nos dois sítios, presente
nos níveis centrais da camada T da Lapa do Picareiro, e no topo da camada
5 e camada 4E de Vale Boi. As diferenças inter-sítio permitem atribuir estas
ocupações ao Proto-Solutrense em Vale Boi, mas levantam dúvidas quanto à
atribuição na Lapa do Picareiro. Esta fase é caracterizada pela diminuição
do uso de quartzo (continuando, no entanto, com uma frequência de ~30%) e
aparecimento, em Vale Boi de uma sequência de redução para obtenção de su-
portes de tipo Vale Comprido, e na Lapa do Picareiro a presença de suportes
com algumas características semelhantes (suportes alongados de bordos conver-
gentes, marcados por negativos dorsais unidirecionais e plataformas simples),
mas com algumas diferenças, tais como índices de carenagem baixos, levantando
dúvidas quanto à sua atribuição a esquemas tecnológicos de Vale Comprido.
De forma geral os resultados obtidos permitem sugerir que o modelo em três
fases é aquele que melhor se adequa aos sítios estudados, sendo que a datação da
ocupação mais recente da Lapa do Picareiro poderá, no entanto, representar uma
fase de transição entre o Proto-Solutrense e o Solutrense Médio, uma fase ainda por
identificar em Portugal (Zilhão 1997a).
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The replacement of the Gravettian technocomplex by the Solutrean, impacted by
adverse climatic conditions during the Heinrich event 2 (HE2), continues to be an
essential topic to understand the Upper Paleolithic evolution and human adaptations
to climatic changes at the end of the Pleistocene. The Proto-Solutrean is, in this
topic, an essential piece to understand how hunter-gatherer communities adapted,
reinvented and abandoned their social and technological organization, leading to the
development of the Solutrean innovations. However, most of what is known for
this technocomplex is still geographically constricted and lacking good chronologi-
cal markers (Cascalheira & Bicho 2013), which hampers the understanding of the
Proto-Solutrean solutions and their role in the Gravettian-Solutrean transition.
By understanding the need to better comprehend the Proto-Solutrean and how
abrupt climate change impacted these communities, this study’s primary goal was to
answer provide additional details to answer the question: what impact did the HE
2 have on the technological organization of human communities, at the onset of the
Last Glacial Maximum (LGM), in southwestern Iberia? To do so, an analysis of stone
tool assemblages coming from levels attributed to the Gravettian-Solutrean transition
timeframe, from two recently excavated sites - Vale Boi (southern Portugal) and Lapa
do Picareiro (central Portugal) - was performed.
To answer this question, the following goals were set:
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• Understand the technological organization of Layers 5/4E of Vale Boi, and U/T
from Lapa do Picareiro, by characterizing their technological patterns, reduction
sequences and raw material use/preference patterns.
• Identify possible Terminal Gravettian horizons or facies within the Proto-
Solutrean occupations in Vale Boi and Lapa do Picareiro and their respective
chronologies.
• Test the Gravettian-Solutrean transition models (Two-phase and Three-phase),
previously developed using data from the Portuguese Estremadura (Zilhão
1997a), to understand which model best explains the transition, but also
if those patterns can be applied to other geographic areas outside of the
Estremadura.
By accomplishing these goals, through the use of new data resulting from re-
cent excavations, with good chronological resolution and from a wider geographical
range, this thesis contributes to a better understanding of the Proto-Solutrean and
the Gravettian-Solutrean transition in western Iberia.
The presentation of the results is organized into 7 chapters. Chapter 2, following
this introduction, discusses the impact of climate changes on cultural organization,
especially during the HE 2, describes the paleoclimate dynamics during this event
and presents the state-of-the-art for the Gravettian-Solutrean transition in Portugal,
focusing mostly the technological characteristics of lithic materials.
Chapter 3 introduces the archaeological sites used in the study, with a brief de-
scription of their location and geological context, followed by an overview of the
history of the archaeological works, excavation methodology, and the characteristics
of human occupation across the different areas, particularly focusing on the levels
associated with onset of the the LGM.
Chapter 4 presents a detailed explanation of the methods employed during the
recording of lithic attributes and statistical analysis of data.
Chapter 5 consists of the description of the results obtained through the analysis
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of the assemblages from Vale Boi and Lapa do Picareiro, respectively. This chapter is
organized into two different parts. The first part describes the general characteristics
of the assemblages, organizing them by site. The second part focus on the description
of raw material exploitation patterns, also for each context independently. And the
final part presents the results of the techno-typological analysis, being organized by
technological classes (cores, core maintenance products, flakes, elongated blanks and
retouched tools), with a final section dedicated to the description of the Vale Comprido
component of the assemblages.
Chapter 6 focuses the discussion of the results presented in the previous chapter,
comparing them to the current knowledge on the Proto-Solutrean, mostly coming
from sites located in the Portuguese Estremadura. This discussion is made through
the exploration of specific topics which relate to the overarching goals of the study,
providing specific insights on the intra and inter-assemblage variability and their
dynamics across time.
The final chapter consist of this study’s conclusions, systematizing the interpre-




Human adaptations at the start of
the Last Glacial Maximum
2.1 Paleoclimate, paleoenvironment and human
adaptation models
The integration of paleoclimatic and paleoenvironmental data on archaeological
studies can be traced to the last quarter of the twentieth century, especially in Por-
tugal, which was also a result of the embryonic stage of research and methodologies
developed until that moment. Nowadays, the ecological context and external pres-
sures are seen as essential in order to understand human behavior and changes in the
material culture, which is inevitably what is left behind (Holst 2017; Thacker 1996),
especially when dealing with technocomplexes which are recognized as transitional
climate-wise, such as the Proto-Solutrean (Almeida 2000).
Some of the first attempts at reconstructing the paleoclimate in Portugal during
the Pleistocene, and particularly during the Upper Paleolithic, were made by Roche
(1977; 1971), through the results obtained by the analysis of fauna in the Portuguese
Estremadura. In this model, the Iberian Peninsula did not go through dramatic
climatic changes, unlike other areas in Europe, presenting instead milder conditions.
This model has since been subject to many critics (Almeida 2000; Zilhão 1997a),
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through the postulation of harsher climatic conditions for the Iberian Peninsula during
the Late Glacial.
Advances in paleoclimatic reconstruction, mainly from Greenland ice cores and
deep-sea ice cores, have allowed the recognition of millennial-scale oscillations within
Marine Isotopic Stages (MIS) 4, 3 and 2 in greater detail. This permited obtaining
a robust chronology and understanding of the climatic conditions that characterized
the Late Pleistocene (Cascalheira & Bicho 2013).
The Pleistocene was marked by a series of climatic events, with significant im-
pact on western Europe, influencing most ecological aspects, from the environment
and animal distribution: the Dansgaard-Oeschger stadials (D-O stadials), sometimes
associated with the formation of ice-rafted debris (IRD) layers in the ocean, named
Heinrich events (HEs) (Cascalheira & Bicho 2013; Heinrich 1988).
These abrupt climate changes also impacted the communities of hunter-gatherers,
something visible in the archaeological record through the intensification and diversi-
fication in the technology and economy of lithic assemblages (Banks et al. 2013; 2009;
Cascalheira & Bicho 2013; D’Errico et al. 2006; Ludwig et al. 2018). In fact, there
has been a significant amount of proposals suggesting a full synchronism between
the onset of each Upper Paleolithic technocomplex and the occurrence of the most
severe climate events (Bicho et al. 2017; Cascalheira & Bicho 2013). Bradtmöller et
al. (2012) suggest a direct relationship between three of the HEs (4, 3 and 2) and
the substitution of Neanderthal populations with the emergence of the Aurignacian,
the appearance of the Gravettian, and the development of the Solutrean, respectively
(Table 2.1). Based on the theoretical framework of Panarchy (Holling & Gunder-
son 2002), the authors propose the Repeated Replacement Model (RRM), where the
HEs are understood as the primary climatic triggers for population turnover, through
the breakdown of communication networks and cultural traditions, which were sub-
sequently reorganized under different socio-cultural conditions (Bradtmöller et al.
2012).
In this framework, the rapid climatic changes brought by the HE 2 were the trigger
for the reorganization of human groups after the Gravettian. This led to the develop-
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ment of the Solutrean, marked by harsher evironmental conditions at the onset of the
LGM. A technological continuum with clear succession between the two technocom-
plexes is seen, at least in Iberia (Bradtmöller et al. 2012), making the comprehension
of these rapid climatic events of extreme importance for the understanding of human
cultural change, specifically for the Proto-Solutrean and Solutrean technocomplexes.
Table 2.1: Correspondence between Upper Paleolithic cultural phases (Aurigna-
cian, Gravettian and Solutrean), Heinrich Events and D-O cycles, with respective
chronology. Following dates and chronologies from Bradtmöller et al. (2012), Cas-
calheira and Bicho (2013), Sanchéz-Goñi and Harrison (2010).





Aurignacian H4 40.2-38.3 GS 8/9
Gravettian H3 32.7-31.3 GS 4/5
Solutrean H2 26.5-24.3 GS 2/3
As such, D-O stadials are described as rapid cyclical climatic changes, charac-
terized in Greenland by an oscillation between warmer and cooler moments. Within
the D-O stadials, the term stadial is used to refer to the cold intervals, while the
term interstadial is used to describe warmer periods (Rahmstorf 2003; Sanchez-Goñi
& Harrison 2010).
The HEs represent the expansion of polar water from the icebergs that broke
off from the Laurentide Fenno-Scandinavian ice sheet and melted into the North
Atlantic (Elliot et al. 2001). These events have been detected in deep-sea cores by
the presence of IRD, high percentages of polar water foraminifer (N. pachyderma),
increase in magnetic susceptibility and decreases in sea surface temperatures (Cayre
et al. 1999; Fletcher & Goñi 2008; Naughton et al. 2007; Sanchez-Goñi & Harrison
2010; Sanchéz-Goñi et al. 2000). Similar to the D-O stadials, HE events are also
periodical, with 6 identified HE events, occurring every 10-6 ka years, since 63.2 ka,
following the GICC05 chronology as applied by Sanchez-Goñi and Harrison (2010),
with durations as long as 3 ka and as short as 1.5 ka.
These rapid climate changes, both D-O stadials and HEs are, as mentioned above,
superimposed by longer-term climate patterns - the MIS - which correspond to inter-
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vals of more (MIS 4 and 2) or less (MIS 3) permanent ice cover in the polar ice caps.
Conventionally, MIS 4 is correlated with D-O 19, MIS 3 with D-O 17, while MIS 2
shows variable correlations, depending on the author, although the present study is
adopting the consensus view that it corresponds to the boundary between D-O 4 and
D-O 3 (Sanchez-Goñi & Harrison 2010).
The correlation of HE 2 with the LGM is problematic due to the wide variety
of dates available for this latter event, with its onset sometimes superimposed by
the start of HE 2, and others pushed to much earlier or later, such as starting in
the middle of HE 2 (Sanchez-Goñi and Harrison 2010). Even so, there seems to be
an apparent correlation between the HE 2 and the LGM, the latter having a wider
temporal extension (Bradtmöller et al. 2012).
The HEs also seem to have some internal variability, which complexifies our un-
derstanding of the events, as is the case of HE 2 on the western Iberian coast, with
two identified phases: a first phase with increase in N. pachyderma percentages and
presence of IRD, which suggest a decrease of sea surface temperatures, followed by
a phase where polar foraminifera percentages decrease, suggesting a more extensive
seasonal variability in sea surface conditions (Naughton et al. 2007; Turon et al.
2003).
This climatic variability is felt not only at a chronological level but also at a
geographical level. Inland conditions (achieved by the analysis of pollen samples
within the cores) seem to have been different in northern Iberia and southwestern
Iberia as shown through the recovered cores in the southwestern area off Portugal:
SU81-18 (Turon et al. 2003); and to the northwestern Iberia, off Galicia: MD99-2331
and MD03-2697 (Naughton et al. 2007; 2016). In conjunction with other climate-
proxy data, such as the Greenland ice cores, charcoal studies and faunal analyses,
these records have allowed for the characterization of the paleoclimatic conditions
of western and southern Iberia during the Pleistocene (Cascalheira & Bicho 2013;
Sanchez-Goñi & Harrison 2010).
Records indicate that during HEs, and with particular severity in the HE 2, west-
ern and southern Iberia must have experienced abrupt environmental changes, which
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altered the location, abundance and availability of resources for the communities of
hunter-gatherers (Cascalheira & Bicho 2013).
Regarding vegetation, the data from sites with archaeological layers dated to
the HE 2 time-span (e.g. Lapa do Anecrial) show that steppe landscapes and open
pine woodlands prevailed. Meanwhile, a diversity of species was maintained by the
existence of refuge zones, as warm-adapted vegetation became constrained in those
areas, possibly located near the coast or in sunlit slopes of protected areas (González-
Sampériz et al. 2010).
Pollen analyses from deep-sea cores show, for northwestern Iberia (cores MD99-
2331 and MD03-2697), the existence of two periods, marked by the dominance of
herbaceous communities (shrubs and grasses), along with a Pinus forest reduction,
which indicates a cold and humid continental climate. The second part of HE 2
however, is characterized by Pinus forest expansion, hinting for less cold conditions
(Naughton et al. 2007). For southwestern territory (Figure 2.1), pollen analyses
show the expansion of semi-desert shrubberies, which suggest increased dry conditions
during the full extension of the HE 2, although, unlike results for northern Iberia,
Pinus forests do not seem to have decreased (Turon et al. 2003). Alike the data
obtained from archaeological sites, pollen analyses from cores show the presence of
a variety of deciduous trees and shrubs (Quercus, Corylus and Alnus), corroborating
the idea of north and southern Iberia as refugium zones for temperate-climate species
(Turon et al. 2003).
Faunal analyses, specifically micro-fauna, show that these changes in habitats
were followed by a change in animal incidence, with the increase of steppe adapted
species, although warmer-adapted ones continued to appear in the archaeological
record (Almeida 2000). The results for mammalian fauna analyses show a dominant
pattern for pronounced resilience of most animal species in the archaeological record,
with a few fluctuations in the presence of wild boar, which may represent environmen-
tal responses to the rapid climate changes (Haws 2012). Brugal and Valente (2007)
also report mammalian fauna differences within the HE 2, with a broader extinction of
local carnivores, while herbivore frequency remains mostly the same, with significant
9
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shifts in their spatial distribution.
Figure 2.1: Diagram showing the main pollen, spore taxa and dinoflagellate cyst
specimens per depth. After Turon et al. (2003).
Thus, despite results clearly showing that the HE 2 caused abrupt modifications in
the landscape and climate of western and southern Iberia (Cascalheira & Bicho 2013),
this territory still functioned as a refuge even during the colder periods (Carrión et
al. 2010; Gómez & Lunt 2007), in sheltered areas scattered throughout the landscape
(Schmidt et al. 2012).
Although there are several paleoclimate sources which have allowed the recon-
struction of climate during the HE 2, this data cannot be fully integrated in the
RRM model, to explain the emergence of the Solutrean by substitution of the Gravet-
tian. The RRM model does not account for the Proto-Solutrean, possibly identifying
it as either part of the Gravettian or Solutrean. In a way this reflects the current
understanding of the Proto-Solutrean as a transitional stage between the other two
technocomplexes, failing to recognize it as an independent unit.
However, in order to fully understand the impact of the HE 2 and the environ-
mental changes on the replacement of the Gravettian technocomplex by the Solutrean
as mentioned above, the Proto-Solutrean needs to be understood and regarded as an
independent unit, as a means to understand its role in the RRM. This issue has been
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addressed by Cascalheira and Bicho (2013), where within the RRM, the authors sug-
gest the Proto-Solutrean as a moment of creative destruction (Holling 2001), which
allowed the separation from the Gravettian cultural system to the development of a
new structure, the Solutrean. There is, however, the need for more technological and
chronological data in order to understand how the many different pieces fit together
in this framework.
As such, the Proto-Solutrean stands as an essential technocomplex to understand
human adaptations to climatic and environmental changes within the Upper Pale-
olithic.
2.2 Proto-Solutrean: origins and the Portuguese
model
Cultural horizons within the archaeological record have been traditionally defined
through the techno-typology of lithic materials. The same is true for the Upper Pale-
olithic technocomplexes, which in western Europe have been organized according to
the models provided from early archaeological works in a series of key-sites in south-
western France. Their stratigraphic organization and sequence became the reference
model across large areas of the continent (Zilhão 1997a), sometimes without even
taking into consideration possible geographical and temporal variability.
Following this paradigm, the transition between the Gravettian and Solutrean
was, for most of the second half of the twentieth century, based on the stratigraphy
of Laugerie-Haute, in France, and thus defined in a four-stage process: Perigordian
VII, Aurignacian V, Proto-Solutrean, Lower Solutrean. This succession of stages was
understood as the substitution of human people and culture through processes of
diffusion and migration, a paradigm present in the archaeological thought before the
1960s, and which changed drastically with the development of the New Archaeology
(Trigger 1989) with new ways of seeing the past and archaeology (Binford 2002). This
new theoretical framework allowed the traditional cultural horizon sequences to be
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understood as the result of technological development, which did not necessarily imply
the substitution of people (Zilhão et al. 1999). The impact of these new frameworks
can be seen, for example, in the interpretation of the Perigordian VII, the first stage
in the Gravettian-Solutrean transitional process. Nowadays, it is known that the
Perigordian VII is, in fact, the final stage of the Gravettian (Zilhão 1997a).
The Aurignacian V, meanwhile, has been a slightly more complicated subject. Its
identification was based on the presence of thick-nosed endscrapers, a technological
characteristic that represented the presence of Aurignacian communities, and thus,
moments of population substitution and migration in the site (Almeida 2000; Zilhão
1997a). Part of the problem was also that this level was only known in one site in
France.
The study of materials from old excavations by Manuel Heleno in Rio Maior (Por-
tuguese Estremadura), and new archaeological works in the same region, in the 1980s,
revealed assemblages from the Upper Paleolithic, some with levels of typological char-
acteristics which paralleled those of Laugerie-Haute. These projects allowed one of
the most comprehensive descriptions of the Upper Paleolithic occupations in Por-
tugal, and the understanding of the Gravettian-Solutrean transition in more detail,
including the problematic Aurignacian V (Almeida 2000; Zilhão 1994).
The Proto-Solutrean has thus been described as a transitional technocomplex
from Gravettian to Solutrean technologies, through a process of local development,
and synchronous to all of southwestern Europe (Aquitaine, Pyrenees, Languedoc and
the Iberian Peninsula) (Zilhão et al. 1999).
This technocomplex is best known in the Portuguese Estremadura (as aboveme-
tioned), encompassing open-air and cave sites (Figure 2.2). Table 2.2 shows the dates
for Proto-Solutrean occupations in Portugal, including the sites analysed in this study.
This set of dates from sites such as Anecrial, Terra do Manuel (layer 2s), Alecrim,
Buraca Escura (layer 2e) and Lagar Velho (since other dates show either values which
look like outliers or have extremely high standard deviations) place the transition as
happening between 26.3 ka cal BP and 25.4 ka cal BP (calibrated dates from Zilhão
1997, using IntCal 13 through Oxcal online), where the lowest boundary represents the
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beginning of the Final Gravettian and the highest the ending of the Proto-Solutrean
(Zilhão 1997a; 2000; Zilhão et al. 1999).
The understanding of the Gravettian-Solutrean transition through several
phases, each with its technological characteristics and patterns, through the
techno-typological characteristics of assemblages from key-sites, have allowed for the
creation of two models: the Two-stage model and Three-stage model (Zilhão 1997a;
1994; Zilhão et al. 1999).
Figure 2.2: Location of Proto-Solutrean sites in Portugal or with Proto-Solutrean
finds, including the two sites analysed in this study. Legend: 1-Buraca Escura;
2-Alecrim e Lagar Velho; 3-Caldeirão; 4-Lapa do Anecrial; 5-Lapa do Picareiro;
6-Terra do José Pereira; 7-Terra do Manuel; 8-Vales de Senhora da Luz; 9-Vale
Comprido - encosta; 10-CPM III; 11-Gato Preto; 12-Gruta das Salemas; 13-Vale
Boi
The Two-stage model (Figure 2.3) starts with a final Gravettian stage, character-
ized by a moderate use of quartz (~15%), production of truncated backed bladelets
and proto-magdalenian retouch blades, where we find Terra do Manuel (old excava-
tions and layer 2s), Cabeço de Porto Marinho III (CPM III), Cabeço de Porto Marinho
II (CPM II) and Buraca Escura (layer 2e) (Zilhão 1997a). The second stage is the
Proto-Solutrean, frequently characterized by a high percentage of quartz use (~30%),
rare presence of backed bladelets or, when retouch is present, being marginal, and the
13
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production of Vale Comprido points, the technocomplex’s index fossil (Almeida 2000;
Zilhão 1997a; Zilhão & Aubry 1995). For the production of these tools, the Proto-
Solutrean shows three different operative sequences: one for the production of Vale
Comprido points, through the removal of elongated blanks with convergent profiles
and thick platforms; another for the production of blades, of Gravettian tradition;
and another for the production of bladelets, probably obtained through the exploita-
tion of thick endscapers or carinated elements. Proto-Solutrean phase assemblages
were identified in Vale Comprido – Encosta, Terra do José Pereira, Vales da Senhora
da Luz (although Vale Comprido points are absent from the assemblage), Terra do
Manuel (layer 2), Buraca Escura (layer 2b), Anecrial (layer 2) and Gato Preto (group
C) (Zilhão 1997a).
Vale Comprido points are described as robust pieces, with a thickness ranging the
4-8 mm, width around 20 mm and length of about 50 mm, though in some cases it may
reach 80 mm, and platform thickness of 5-20 mm. They are often characterized by
convergent shapes, triangular cross-sections and plain platforms, often having a high
elongation ratio, although not necessarily falling into the blade category (see Chapter
4). They can also be categorized regarding retouch, with the identification of 3 groups:
1) thinning of the platform; 2) extensive retouch across the edges, including the tip;
3) an intermediate type with only partial retouch on the edges along the platform
or at the tip (Zilhão 1997a; Zilhão & Aubry 1995). The Vale Comprido points have
been used to describe the technological transition between the Proto-Solutrean and
the Solutrean. In this case, these points are seen as an element of discontinuity with
the previous technocomplex, where the organic points armed with microliths from
the Gravettian are replaced by lithic points, with enough similarities to the pointes à
face plane of the Middle Solutrean to be understood as a technological development
(Zilhão 2013).
The Three-stage model (Figure 2.4) maintains the first final Gravettian stage
and its defining characteristics but subdivides the following Proto-Solutrean stage
in two. As such, there is an intermediate stage characterized by the intensive use
of quartz (~30%), which corresponds to Laugerie-Haute’s Aurignatian V, migrating
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the assemblages from Terra do Manuel (layer 2s), CPM III, CPM II and Buraca
Escura (layer 2b) to this phase. The third stage is the Proto-Solutrean, where quartz
use diminishes. In this model, the Vale Comprido points and associated reduction
sequence may appear in either of the last two stages (Zilhão 1997a). However, Almeida
(2000) has noted that the Aurignacian V/Terminal Gravettian assemblages from the
Estremadura seem to lack Vale Comprido technology (Almeida 2000). It may seem,
thus, that this type of technology is a Proto-Solutrean innovation.
Figure 2.3: Two-phase model for Gravettian to Proto-Solutrean transition, with site
and archaeological level correlated with each phase. Adapted from Zilhão (1997a).
Model dates calibrated with curve IntCal13, using OxCal 4.1.7 (online).
Figure 2.4: Three-phase model for Gravettian to Proto-Solutrean transition, with
site and archaeological level correlated with each phase. Adapted from Zilhão
(1997a). Model dates calibrated with curve IntCal13, using OxCal 4.1.7 (online).
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Alternatively, in the Two-phase model, the Aurignacian V is understood as a
functional facies, related to specialized occupations and production activities within
the technocomplex, through the observation of the coexistence of prismatic core ex-
ploitation and carinated core exploitation. Since both showed extraction of blades
and bladelets, the latter exploitation was interpreted not as an independent system as
thought at Laugerie-Haute (Zilhão 1997a; Zilhão et al. 1999). In fact, Zilhão (1997a;
1994) has questioned the stratigraphic reality of the Aurignacian V from Laugerie-
Haute, interpreting it only as a typology separation due to poor stratigraphic integrity.
Almeida (2000) interprets the diagnostic Aurignacian thick-nosed endscrapers as
carinated cores, with no correlation to the Aurignacian technocomplex, suggesting
instead the substitution of the term Aurignacian V for Terminal Gravettian. Following
previous works (Almeida 2000; Benedetti et al. 2019; Cascalheira & Bicho 2013),
when referring to the Aurignacian V, whether as a functional facies (Two-stage model)
or as an intermediate stage (Three-stage model), the present study will apply the term
Terminal Gravettian instead.
One of the main differences between the models aforementioned is connected
to the lithic assemblage’s internal variability. In this case, the Three-stage model
diminishes this internal variability by attributing chronological significance to the
Terminal Gravettian (Almeida 2000). The Three-Phase model causes some sites to
float between the Terminal Gravettian and Proto-Solutrean without an exact phase
attribution (such as Terra do José Pereira, Vales da Senhora da Luz, Anecrial and
Gato Preto), due to lack of necessary information or specialized character of their
occupations (Zilhão 1997a). The Two-phase, because it accepts higher internal vari-
ability but also limits the number of options, guarantees that a specific phase can be
attributed to all sites.
However, in the last decades, the Three-phase model has been the most accepted,
and the Terminal Gravettian phase is nowadays well-characterized technologically in
Estremadura as a moment of chronological significance (Almeida 2000), even if from
a chronographic perspective, it lacks irrefutable evidence as shown by Cascalheira
16
2.2. Proto-Solutrean: origins and the Portuguese model
and Bicho (2013), for which the authors present two causes: most available radio-
carbon dates, spreading through the entire HE 2 and covering the Proto-Solutrean’s
time-span come from sites with assemblages which are attributed to the Terminal
Gravettian (with the exception of Vale Boi and possibly Lapa do Picareiro); absolute
ages of sites with a strong Vale Comprido component remain unknown.
Although this has been explained by some authors (e.g. Aubry et al. 2011) as
the result of strong erosive processes affecting the archaeological sites during the HE
2, other authors (Haws 2012) fail to recognize such an extensive erosion.
Regardless of what model is accepted, the Proto-Solutrean, from the beginning
of its transitional stage, stands as a technocomplex with technological innovations.
These are reflected in the manufacture of Vale Comprido points and a complete
operative sequence for their production, but marked by a high degree of technological
variability in their lithic assemblages (Almeida 2000; Zilhão 1997a; Zilhão et al. 1999).
This variability has been interpreted as a technological race in response to the en-
vironmental modifications taking course during the HE 2 (Cascalheira & Bicho 2013).
The authors suggest that, in order to correspond to the external pressures, there may
have been the need to diversify the economic strategies in use until that moment.
The high exploitation of quartz, for example, formerly a secondary raw material, and
the use of similar reduction strategies between quartz and chert, might represent one
such economic response. The same possibly applies to the use of unprecedented raw
materials, as is the case of the Proto-Solutrean levels in Vale Boi, where there is the
presence of previously unknown raw materials, used mainly in the manufacture of
Vale Comprido points (Belmiro et al. 2017; Marreiros 2009). Likewise, alterations
recorded in territoriality patterns for the Proto-Solutrean can be interpreted has ex-
tensive regional networks and may be related to modifications in the landscape that
occurred during the HE 2 (Cascalheira 2019; Cascalheira & Bicho 2013).
These technological and behavioral changes, when understood under the light of
the Repeated Replacement Model previously discussed (Bradtmöller et al. 2012) and
Panarchy (Allen et al. 2014; Holling & Gunderson 2002), might be understood as
moments of release and restructuration led by external pressures, in this case, climate
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changes (Cascalheira & Bicho 2013), while maintaining a certain degree of resilience
(Bicho 2013; Walker et al. 2006).
Thus, following this framework, the Proto-Solutrean reveals itself as a moment of
“creative destruction” (Holling 2001), with moments of rupture and consolidation of
technological innovations and social structures. In other words, the Proto-Solutrean
might be understood as the moment where Gravettian cultural traditions were recon-
figured to best adapt to climatic and landscape alterations, setting grounds for the
emergence of another phase – the Solutrean (Cascalheira & Bicho 2013).
However, despite the existence of rather comprehensive literature about the tech-
nocomplex in the Portuguese Estremadura, which has allowed for a better under-
standing of the impacts of HE 2 in hunter-gatherer communities and the emergence
of the Solutrean, there is still the need for further studies, in order to fill existing
gaps. One of these gaps is the concentration of data regarding this technocomplex
in the Estremadura, whereas the Proto-Solutrean is still relatively unknown in other
places throughout southwestern Europe, in the case of Portugal, with only one site
in the south (Figure 2.2). Another issue abovementioned is connected to the small
amount of absolute datings for Proto-Solutrean contexts, which limits the chronolog-
ical definition of the technocomplex, and thus the testing of which transition model
(if any) applies best (Cascalheira & Bicho 2013).
Addressing these issues, through the study of Proto-Solutrean lithic assemblages
from other areas in the southwestern European territory, from sites with good strati-
graphic preservation which allow absolute dating and accurate spatial tracking, will
undoubtedly help further understand this technocomplex, its patterns, stage transi-










Table 2.2: Summary of radiocarbon dates from Portuguese Proto-Solutrean.
Adapted from Zilhão (1997), Cascalheira and Bicho (2013), Belmiro (2018) and
Benedetti et al. (2019). Calibration curves are IntCal13 and Marine13, using Ox-
Cal 4.1.7 (online).
Site Level Lab. Ref Age (BP) SD Sample type Calibrated lower 95% Calibrated upper 95%
LP T Wk-37655c 18960 80 Bone 22617 23002
LP T UGAMS-23727 19530 50 Charcoal 23435 23642
LP T UGAMS-23718 20240 50 Charcoal 24198 24420
LP T Beta-208221e 20240 110 Charcoal 24094 24548
LP T UGAMS-23725 20320 50 Charcoal 24298 24495
Vale Boi 5 Wk-42831 20329 90 Shell 23762 24171
Alecrim 6 Beta-203513 20510 150 Bone 24308 25105
LP T UGAMS-23726 20530 50 Charcoal 24523 24897
LP T UGAMS-23722 20630 60 Charcoal 24597 25062
LP T Beta-229781e 20700 100 Bone 24587 25213
LP T UGAMS-23721 20710 60 Charcoal 24726 25152
Vale Boi 5 Wk-42830 20818 107 Charcoal 24713 25372
CPM III Inferior NA ICEN-541 21080 850 Charcoal 23317 26995
Lagar Velho 6 OxA-8420 21180 240 Charcoal 24868 25864
Lagar Velho 6 Sac-1561 21380 810 Bone 23805 27220
Anecrial 2b ICEN-964 21560 680 Charcoal 24279 27191
Anecrial 2b OxA-5526 21560 220 Charcoal 25449 26184
Terra do Manuel 2s EHT-6038 21770 210 Charcoal 25697 26465


















Table 2.2: Summary of radiocarbon dates from Portuguese Proto-Solutrean (con-
tinued).
Site Level Lab. Ref Age (BP) SD Sample type Calibrated lower 95% Calibrated upper 95%
Buraca Escura 2e OxA-5524 21820 200 Bone 25751 26466
Lagar Velho 6 OxA-8418 22180 180 Charcoal 26054 26941
Vale Boi 5 Wk-44416 22358 80 Shell 26012 26317
LP U Beta-234373e 22560 110 Charcoal 26590 27154
LP U Beta-234374e 22590 110 Charcoal 26614 27171
LP U Beta-208222e 22660 240 Charcoal 26405 27391




3.1 Location and geological context
3.1.1 Vale Boi
Vale Boi is an open-air site and rockshelter, located on the western coast of
Algarve (Portugal), near a small homonymous village, within the municipality of
Vila do Bispo (Figure 3.1). The site is situated in a small valley that runs south to
the Atlantic coast, about 2 km distance, relatively open, with a natural boundary
to the east and bordered by a limestone hill through all its extension. This hill is
marked, at specific points, by limestone exposures that form rock shelters with faces
facing west or southwest (Figure 3.2)(Bicho et al. 2003; Cascalheira et al. 2008;
Cascalheira 2010).
The site extends for more than 10 000 m2 on the slope of this valley, which is
marked by a series of steps that run parallel to the river, possibly the result of Middle
Pleistocene fluviatile erosion (Bicho et al. 2003).
The geological context of Vale Boi is marked by heterogeneity. In the north,
there are schist and greywacke formations from the Carboniferous. In the south,
Triassic and Jurassic dolomite and limestone formations, which are gradually covered
by Holocene dunes further into the coastal area, until near St. Vincent’s cape where
they appear uncovered once again, along with small occurrences of chert (Veríssimo
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2004).
Figure 3.1: Vale Boi. Location.
Figure 3.2: Vale Boi. Topographic plan, schematic profile and general view, with
location of the excavation loci. After Cascalheira et al. (2017).
3.1.2 Lapa do Picareiro
Lapa do Picareiro is a cave site on the west facing slope of Serra d’Aire, a limestone
massif north of the Tagus River valley and Lisbon, Portugal (Figure 3.3) (Benedetti
et al. 2019; Bicho et al. 2006). The massif is underlain by the Serra d’Aire formation,
a thick-bedded limestone of the Middle Jurassic age (Carvalho 2018). Serra d’Aire
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is part of a large limestone province (Maciço Calcário Estremenho), which accounts
for several Palaeolithic occupations, both cave and open-air sites (Almeida 2000;
Benedetti et al. 2019).
The interior of the chamber is about 11 x 14 m, and has more than 10 m of coarse
sedimentary infill in inclined beds, derived from roof collapse, gravity flows and fine
sediment infiltration (Figure 3.4) (Benedetti et al. 2019). The cave opening is marked
by the existence of a large limestone cone of stone blocks (Bicho et al. 2006) while the
sediment inside the cave consists of smaller and angular limestone clasts in a matrix
of fine sediment (Benedetti et al. 2019).
Figure 3.3: Lapa do Picareiro. Location.
Figure 3.4: Lapa do Picareiro. Generalized cross section showing surface topogra-
phy, shape of the cave, and area excavated into sedimentary fill. After Benedetti et
al. (2019).
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3.2 Research history, stratigraphy and human oc-
cupation
3.2.1 Vale Boi
Vale Boi was firstly discovered as the result of a multidisciplinary project (A
ocupação Humana Paleolítica do Algarve) developed in 1996, led by Nuno Bicho
and funded by the Fundação para a Ciência e Technologia (FCT). The goal of this
project was to characterize the regional Paleolithic and Epipaleolithic, building an
absolute chronology for the prehistoric sequence in the Algarve, motivated by the
lack of known Paleolithic sites in this region (Cascalheira 2010). Through ground re-
connaissance and the opening of test pits, the project focused on the areas with higher
potential for Paleolithic occupations (specifically in what concerns to topography, ac-
cess to natural resources such as fresh water, proximity to raw materials, proximity
to specific geologic units) (Bicho et al. 2003). Sixty-five archaeological sites were
identified, 7 with identifiable Gravettian, Solutrean and Magdalenian occupations,
from which Vale Boi offered the best results (Cascalheira 2010). For this reason, the
site has been systematically excavated and has had several funded projects (e.g. “A
importância dos recursos aquáticos no Paleolítico do Algarve” and “História de dois
mares: ecologia do Paleolítico Superior em Vale Boi”).
The archaeological interventions started in 2000, with the opening of several units
on the Slope area, where there was a significant concentration of archaeological mate-
rials at the surface, and where the topography seemed adequate for the preservation
of in situ materials (Bicho et al. 2010). From 2002 onwards, some of these excavation
units were expanded, aiming to identify the extension of the site (Cascalheira 2013).
In 2003, new excavation units were open on the west and east limits of the site,
which led to the excavation of another two areas, the Shelter and the Terrace, that
would be incrementally expanded through the following years.
In 2012, a new 8 m2 area was open in the Terrace (rows H and I), to understand
the stratigraphic sequence in more detail and assess the existence of older cultural
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horizons, from the early Upper Paleolithic.
Vale Boi shows a variety of human occupations, distributed across the three main
areas, which have been interpreted differently in terms of functionality: Slope, Shelter,
and Terrace (Figure 3.2).
Slope
In this area, three moments of occupation have been identified, although the first
layer seems to be very altered, with only the presence of sorted, small lithics and no
associated fauna. This layer corresponds to a Magdalenian occupation. The other
levels, however, seem to be in situ, since there were faunal remains in anatomical posi-
tion, the presence of stacked, well preserved shells and general horizontal disposition
of the materials, without size sorting, which often happens through pluvial action
(Bicho et al. 2003).
The Solutrean occupation is characterized by bigger lithics than those found in
the layer above, abundant animal bones and shells, with relatively less rabbit than
the layer below. This layer is also marked by a moment of geological discontinuity
through the presence of a large number of limestone blocks and pebbles (which are
probably related to the start of the LGM, and where Proto-Solutrean materials were
found, including a Vale Comprido point (Cascalheira 2010).
Bellow the discontinuity, there is a Gravettian occupation, with a more significant
number of artifacts, specifically a high number of ornaments of Littorina obtusata and
deer teeth, as well as at least 12 identified bone tools (Cascalheira 2010).
This area has been interpreted as a midden, the result of waste produced by
several human activities, such as the production and maintenance of lithic artifacts,
preparation of food, and carcass treatment (Bicho et al. 2003).
Shelter
The occupation levels in this area were located under blocks of limestone, which
collapsed from the rockshelter ceiling, and where occupations of Magdalenian, So-
lutrean, and Gravettian chronologies have been identified across four distinct litho-
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stratigraphic units.
A small combustion structure was identified in this area, within the Solutrean
layers. This structure was circular, with around 50 cm of diameter, formed by lime-
stone pebbles and blocks. The area around the fireplace was marked by calcination,
where several artifacts were found with thermal alterations (Cascalheira et al. 2008).
The Shelter has been interpreted as a residential space, differing from the previ-
ous area, especially in the representation of the stone tool reduction sequences, the
preservation of the bones, which are less fragmented, the diversity of shells used as
ornaments and the presence of a decorated schist plaque. This seems to point towards
the use of the shelter as a daily camping area (Cascalheira 2010).
Terrace
As previously mentioned, excavations in the Terrace area started in 2003. The
identification of two human occupation levels and a possible limestone block pavement
led to the area’s expansion, in the following year, towards the south and western
boundaries. This expansion allowed the identification of a hut pavement attributed
to the Early Neolithic based on the recovered ceramics and lithic materials (Carvalho
2008).
Excavations on the Pleistocene levels of the area started in 2004/05 (Cascalheira
2010; Marreiros 2009), intending to find Paleolithic habitat structures (Cascalheira et
al. 2008), and allowed the identification of two different layers, marked by an inter-
mediate moment of geological discontinuity. While the upper layers showed materials
attributed to the Solutrean, the bottom levels allowed the identification of a Gravet-
tian occupation (Cascalheira 2010; Marreiros 2009). In this latter horizon, in 2007,
a combustion structure was identified, adjacent to the north wall. This structure
was characterized by an ovoid shape, achieved by the combination of small limestone
blocks with what seemed a larger repurposed block, and was full of burnt organic
remains as well as large quantities of charcoal, in association with lithic materials
(Cascalheira 2010).
Thus, the excavation in this area (units J, K and L) allowed for the identification
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of 4 layers: layer 1, marked by ceramics and possibly disturbed by agricultural works;
layer 2, characterized by the Neolithic occupation mentioned above; layer 3, which
corresponds to several Solutrean occupation levels; and layer 4, with two human
occupations attributed to the Gravettian technocomplex (Marreiros 2009).
After 2012, the Terrace area was expanded, with the opening of two new rows,
H and I (in a total of 8 m2). Since then, six layers have been identified (Table 3.1)
containing the description of their sediment characteristics and associated cultural
horizons). In some of these layers, lateral sediment variations were identified, which
were coded in the field through the concatenation of a letter to the layer number (e.g.
4E). In many of these cases, the isolation of this vertical variation did not show any
patterns in terms of spatial concentration of materials, although in others, like the
4E facies, the subdivision of the layer correlated with the spatial distribution of Vale
Comprido technology.
In the new area, layers 1 and 2 continue to represent Holocene levels, with the first
layer being possibly disturbed by agricultural processes. Layer 2, with a thickness
of 25-30 cm, in concordance with the excavations prior to 2005, shows a Neolithic
occupation.
Layer 3 has a silt and clay matrix sediment, with some inclusions and showing
interruptions of limestone clast depositional episodes, although there is the constant
presence of fauna and lithic artifacts. As mentioned above, the different material and
cultural characteristics within the same geologic package led to the subdivision of the
layer in layer 3A, attributed to an Epipaleolithic occupation, and 3B, assigned to the
Solutrean.
Layer 4 is very similar to layer 3. However, it is separated from it by a gravel level.
Similarly to layer 4, these layers have been subdivided regarding different degrees of
sediment compaction and/or concentration of organic materials, showing two differing
cultural horizons: Solutrean and Proto-Solutrean (limited to layer 4E).
Layer 5 has a dark coloration and a silt and clay matrix characterized by an
intense presence of organic elements, frequently calcinated. There is the presence of
a Proto-Solutrean horizon within the top levels, although occupation intensity seems
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to diminish with depth (see Chapter 5).
Finally, layer 6 is very similar to the previous layer, although it shows the presence
of a larger quantity of small and medium-sized limestone clasts. A Gravettian horizon
has been attributed to this layer, but the analysis of the materials is currently in
progress.
Table 3.1: Vale Boi. Terrace identified layers with sediment description.
Layer Description
Layer 1 Reddish dark brown silt/clay matrix sediment, with a granulous texture, possibly
disturbed by agricultural processes; ceramics until 30 cm depth, immediately above
the transition between layer 1 and 2.
Layer 2 Dark sediment, more compact and with a heavier clay-like component; has a
thickness of 25-30 cm and is well preserved; bones and ceramics are often in
connection, with restricted spatial distributions; the limestone blocks correlate with
the antropical structures dug in 2004; where the level with a Neolithic occupation
has been identified.
Layer 3 Silt and clay matrix sediment, with some inclusions, mostly small limestone clasts;
this layer is often interrupted by the deposition of levels of clasts with different
sizes; presence of lithic artefacts and fauna is constant in all of the deposit, though
it is possible to identify two different cultural horizons: Epipaleolithic (3A) and
Solutrean (3B).
Layer 4 Identical to layer 3 but separated by the presence of a gravel level; contains
sedimentary lateral variations, marked by different intensity of sediment
compactation and/or concentration of organic materials (4B, 4C, 4D, 4E); identified
two different cultural horizons of Solutrean and Proto-Solutrean chronology.
Layer 5 Silt and clay matrix sediment with a heavy presence of organic elements, such as
small, medium and large faunal remains (frequently calcinated), which gives this
layer a dark color.
Layer 6 Silt and clay matrix sediment with a heavy presence of organic elements, such as
small, medium and large faunal remains (frequently calcinated), which gives this
layer a dark color; presence of bigger quantity of small and medium sized limestone
clasts.
Regarding layers 4E and 5, although they are indeed layers with different sedi-
mentary packages, they show similar technological and archaeological patterns, which
led to the conclusion they were the same cultural horizon (the opposite, one single
layer with different cultural horizons is equally present in the Terrace, as seen with
the epipaleolithic and Solutrean occupations of layer 3).
These layers, 4E and 5, are vertically contiguous, separated by a relatively flat
surface covered by large limestone blocks. Unlike what was expected, however, these
levels did not reveal a Gravettian assemblage with characteristics similar to previous
years (Marreiros 2009), but rather materials with patterns similar to those expected
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in a Proto-Solutrean assemblage (the most noticeable of all being the Vale Comprido
points and blanks). The context was dated using a charcoal sample to c. 24.7-25.3 ka
cal BP, and a shell sample to c. 23.7-24.1 ka cal BP (Table 2.2).
The bottom spits of layer 5, on the other hand, show a relatively dense concen-
tration of Littorina littoreia, an unprecedented shell species at the site, and often
associated with colder waters, having a high freezing tolerance (Clarke et al. 2000;
Murphy 1979). This context was dated through a shell sample, showing dates rang-
ing between the 26-26.3 ka cal BP, which corresponds to the first half of the HE 2
(Sanchez-Goñi & Harrison 2010).
Figure 3.5: Vale Boi. Radiocarbon results for layers 5 and 4. The results presented
are modeled dates based on a Bayesian model (Ramsey et al. 2009) using all dates
available for the stratigraphic sequence of the Terrace area. All dates were calibrated
using the IntCal13 and Marine13 curves (Reimer et al. 2013), using a regional Delta
value of 265+/- 107 in the case of marine shells. The Oxcal script bayesian model
is provided as online supplementary materials.
Figure 3.6 represents the vertical distribution of all piece-plotted lithics in the
Terrace, rows H and I. One of the most noticeable features is the vertical constraint
in the distribution of dolerite pieces, mostly concentrated on Layer 4E and upper
levels of Layer 5, coinciding also with the higher concentration of lithic materials in
these layers. Likewise, the presence of Vale Comprido points is also associated with
Layer 4E and the top levels of Layer 5 (Belmiro et al. 2017), which seems to occur
around 25 ka cal BP (Figure 3.5). The WK-44416 date seems to show that, at least
from around c. 26 ka cal BP, the site was occupied even if with lower intensity, a date
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that falls onto the Final Gravettian/Proto-Solutrean or Final Gravettian/Terminal
Gravettian transition in the traditional models (Zilhão 1997a).
The radiocarbon results represented on Figure 3.5 seem to show that there are
three distinct chronological moments within layer 5. Given the horizontal distribution
of the dates from upper layer 5, it may seem, however, that the dates which fall onto
the c. 24 ka cal BP are intrusions from the upper layer.
Figure 3.6: East profile stratigraphy in the Terrace area (above) and distribution
of all tridimensionally coordenated lithics in the new excavation area until 2017
(under). Lithis from layers 4E and 5 are coloured in black. Blue crosses represent
dolerite artefacts and stars mark the provenance of each radiocarbon date: A -
WK-42830; B - WK-42831; C - WK-44416.
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3.2.2 Lapa do Picareiro
Lapa do Picareiro was first investigated during the 1950s by Marques, and then
in 1964 by Fernandes Gomes and Gil Andrade, who excavated the cave and opened
a test pit. Although the results have never been published, it is known that finds
included several human remains associated with decorated pottery (Bicho et al. 2000;
2006; Haws 2004; Zilhão 1997b).
Two decades after, in 1988, the site was revisited by João Zilhão and members of
the STEA (Sociedade Torrejana de Espeleologia e Arqueologia). This visit resulted
in the identification of several archaeological levels in the profiles from previous inter-
ventions, and the recovery of some archaeological finds that suggested the existence
of an Upper Paleolithic context in the site (Haws 2004; Zilhão 1997b). One of these
archaeological finds was a Vale Comprido point, found at the base of the test pit, by
the cave wall (Zilhão 1997b). Despite the finds, these interventions did not include
excavations.
The site was re-examined once again in 1994 by Nuno Bicho. This intervention
confirmed the suspicion that the site was occupied during the Upper Paleolithic, with
at least two occupations and deposits that seemed to extend much deeper (Haws
2004).
From 1994 to 2001, the site was systematically excavated by Nuno Bicho and
his team as part of an interdisciplinary project (Bicho et al. 2000; 2006), which
revealed 19 stratigraphic levels, 6 of which had archaeological occupations dated to
the Magdalenian (Haws 2004).
These excavations were then resumed in 2005, under the direction of Jonathan
Haws, which continue to the present day (Holst 2017). Fourty stratigraphic levels
have been identified to a depth of 10 m (Benedetti et al. 2019), encompassing all the
traditional Upper Paleolithic technocomplexes, as well as Middle Paleolithic levels.
Lapa do Picareiro shows a long sequence of occupations, from the Middle Palae-
olithic, Upper Palaeolithic, Epipaleolithic, Neolithic and Bronze Age, the latter three
mostly focused in the front of the cave, and adjacent outside areas (Benedetti et al.
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2019; Bicho et al. 2006).
The palaeolithic finds were, so far, recovered from two main areas: the main
chamber and a niche in the rear wall. The main chamber shows a sequence of Mid-
dle to Upper Palaeolithic occupations, centered on units E7 to F8 (Benedetti et al.
2019). The main feature in this area is a large Magdalenian hearth in level F/G with
associated lithics and a large quantity of fauna, which was interpreted as a partic-
ular purpose occupation for processing animal carcasses (Bicho et al. 2006). The
niche finds, concentrated in units XX9 to ZZ11, present a series of smaller, stacked
hearths, radiocarbon dated to the Magdalenian, Solutrean, Proto-Solutrean and Ter-
minal Gravettian (Benedetti et al. 2019).
The large hearth and associated features are the only areas where human activity
disturbed the sedimentary sequence. In all other areas, human activity is limited to
thin hearths in association with sporadic lithic concentrations and modified bones.
These periods of occupation appear in the sedimentary sequences as alternated with
moments of culturally sterile faunal occupation (Benedetti et al. 2019). Thus, human
activity at the site might be understood as several discontinuous occupations inside
the cave throughout the late Middle and Upper Palaeolithic, which intensified through
the latter with a significant peak during the Magdalenian.
Table A.1 (Appendix A), adapted from Benedetti et. al (2019), shows the com-
plete description of all currently identified levels in the site and, whenever existent,
associated lithic assemblages. From the 34 levels described in the table, 23 show
human occupations or association with a lithic assemblage, and 20 of these can be
attributed to the Upper Paleolithic:
Magdalenian occupations are divided into Late Magdalenian (levels E-J) and
Early Magdalenian (levels K-L). Late Magdalenian levels show a base brown color
matrix and internal variability in terms of sediment, with variation between small to
large clasts, and abundance of charcoal and bone fragments to few bones only. Early
Magdalenian levels show less variability, displaying a dark brown color matrix, and
friable sediment with small to medium clasts and few bones.
Solutrean occupations occur in levels O, R, and S (level P showing neither bone
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fragments nor a lithic assemblage), maintaining a brown color matrix but varying
between dark to light. The sediment is friable, composed of small to medium clasts,
with the frequent presence of charcoal and bones.
Level T, approximately 50 cm thick, has a dark brown color matrix, with the
presence of medium to large clasts and boulders, abundant charcoal and bones. The
sediment is reddish and muddy in the lower half. This level is comprised of several
lithic assemblages which have been attributed to differing technocomplexes: Solutrean
in the upper level; Proto-Solutrean in the middle portion of T; and Terminal Gravet-
tian in the lower portion of the level (Benedetti et al. 2019).
The Terminal Gravettian occupation was also identified in level U, a ~15 cm thick
layer with a brown color matrix and, near the rear wall, a reddish muddy matrix that
resembles lower T sediment. It has small to medium clasts and includes several lenses
with abundant small animal bones and bone fragments.
Levels V, W, and X were associated with Gravettian occupations, all three show-
ing a dark brown matrix, with variation between muddy and fine sediment, all with
the abundant presence of small animal bones. Levels BB, DD, and FF (each interca-
lated with culturally sterile levels), varying between a dark brown and reddish-brown
color matrix, have an associated early Upper Paleolithic lithic assemblage.
An Aurignacian occupation is present in level GG, characterized by a dark brown
color matrix, and a slightly hard to very hard sediment matrix, with the presence of
calcite cement, bones, and bone fragments.
The stratigraphic sequence, as mentioned before, shows an alternation between
faunal occupations, rich in bones and bone fragments, and clearly defined cultural
horizons. This is explained by the continuous long-term accumulation of sediments,
a result of the cave setting and cave morphology. These factors not only allowed
continuous deposition but also contributed to the preservation of fauna and lithics.
The sequence also shows good stratigraphic integrity, without the presence of biotur-
bation in its interior (signs of bioturbation by the action of roots are only present at
the entrance of the cave) (Benedetti et al. 2019).
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Levels U and T
The physical distinction between level U and the lower portion of T is hard to
make near the niche. In this area, both levels show similar reddish muddy sediment
and the presence of animal bones in level T increases. As such, in this area, the
attributed level to the recovered artifacts was T/U instead.
Layer T/U is about 15 cm thick, with the presence of possible combustion features
and distinct activity areas. The recovered artifacts show a rich faunal assemblage,
with a high presence of red deer, though ibex presence is also important, and a
superabundance of rabbit bones. A few bone tools were also found. Other recovered
artifacts also include a perforated marine shell and a perforated red deer canine tooth
(Figure 3.7).
The niche area was where most of the lithic assemblage from these levels was
found. As shown in Figure 3.8, there is an apparent concentration of lithics, comprised
mostly of quartz and rock crystal, and some chert, all raw materials appearing mostly
in the shape of bladelets.
Figure 3.7: Lapa do Picareiro - Layer U and lower T. Perforated red deer canine










Figure 3.8: Lapa do Picareiro. Spatial distribution of all plotted artefacts from
levels T-U (in grey), lithic artefacts in colours and shapes refering to raw material
and class. After Haws et al. (2019).35
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For U and lower T, radiocarbon dates (Figure 3.9), all obtained from charcoal
samples, show results of c. 27-26 cal ka BP, except for one of lower T dates which
presents a result of c. 25-24 cal ka BP.
The middle part of T shows the presence of circular concentrations of charcoals,
about 10-15 cm thick, which have been interpreted as hearths. Aside from these
features, there is a high frequency of animal bones, following the same species patterns
as level U and lower T (although these results are preliminary).
The lithic assemblage in this portion of level T is found in two areas: an accu-
mulation of lithics surrounding the hearths and other scattered pieces in the same
spits as the hearths but in different units. This assemblage is mostly comprised of
chert, also with the presence of quartz and rock crystal, in the form of bladelets and
flakes. Although the presence of traditionally-defined Vale Comprido points is not
completely attested, there are several blanks which seem to resemble this type of
technology, in the form of convergent elongated blanks.
The dates for middle T (Figure 3.9), obtained from charcoal and bone samples,
provided results of c. 25-24 ka cal BP, with one date presenting a range of c. 23.4-23.6
ka cal BP.
There is a clear separation between the two groups, one composed of levels U and
lower T, and the other of middle T. This is particularly evident on the spatial disper-
sion of lithics and other artifacts shown on Figure 3.8, where there is an accumulation
on the bottom left, correspondent to the U/T levels, and another aggregation in the
middle portion, to the right, ranging from 20-40 cm of depth difference between the
groups.
The patterns in the lithic assemblages also indicate a clear difference between the
groups: the high frequency of quartz/rock crystal bladelets of U/T shows a marked
difference from the middle T, where chert frequencies are higher, and there is a more
balanced frequency of bladelets and flakes.
Finally, the dates for both U/T and middle T strengthen further the separation
between the occupations, showing a gap of c. 2 ka years between the assemblages,
and placing the U/lower T occupation somewhere around 27-26 cal ka BP and the
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middle T occupation at c. 25-24 cal ka BP.
Figure 3.9: Lapa do Picareiro. Radiocarbon results for layers U and T. The results
presented are modeled dates based on a Bayesian model (Ramsey et al. 2009)
using all dates available for the stratigraphic sequence of the cave. All dates were
calibrated using the IntCal13 curve (Reimer et al. 2013). The Oxcal script bayesian
model is provided as online supplementary materials.
These clear spatial, raw-material and chronological differences, while maintaining
some technological similarities, seem to be consistent with the Three-phase model
developed for the evolution of the Proto-Solutrean in the Estremadura (see Chapter
2), where there are two distinct moments with chronological relevance which cannot
be better explained by the existence of a functional facies.
However, the dates are not in concordance with the models developed for the
Proto-Solutrean in the Portuguese Estremadura (Zilhão 1997a). The lower depth
group, which has been determined as Terminal Gravettian, shows some concordance
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with dates for other sites (e.g. Lagar Velho) placing these occupations in the transition
between the Final Gravettian/Terminal Gravettian. The dates associated with the
highest quantity of chert, however, seem to extend the supposed Proto-Solutrean
chronological range to much younger dates (leaving out WK-37655c and UGAMS-
23727, which show significant chronological differences from the other dates), placing
it at the 24.5 ka cal BP.
3.3 Excavation methodology
Both sites were mapped using a 1x1 m alphanumeric grid system, creating a
combination of lettered and numbered rows, which correspond to the excavation units.
The deposits were excavated by natural litho-stratigraphic units, subdivided into 5
and 10 cm spits for Vale Boi and Lapa do Picareiro, respectively.
Within each spit, the 3D location of all artifacts with dimensions superior to
2 cm is recorded with a Total Station, except for small complete artifacts, such as
ornaments, complete bones or small bladelets, which are always recorded despite their
size.
All pieces have a sequential Identification Number (ID) by unit. This ID is given
by the software EDM where all the contextual information of the artifact is recorded
(layer, spit, unit, and code), which is then associated with the materials through
pre-printed labels. Each label has an ID, site designation and a barcode which allows
access to artifact information in the lab. The same type of label is used for the
materials recovered from the sieves that correspond to all materials found in each 10
l bucket of sediment for Vale Boi and each artificial spit for Lapa do Picareiro. In
Vale Boi, the association with Total Station data is made by measuring a coordinate
in the center of the excavated area from where the sediment is coming from.
All sediment is sieved using 3 mm mesh grids in the case of Vale Boi. At Lapa
do Picareiro sieves with 2 mm and 4 mm meshes are used. The latter is sorted in the
field, while the smaller sieve sediment is taken to the laboratory for water screening,





In order to understand the multiple causes for lithic variation, such as raw material
properties or local adaptations, researchers are increasingly adopting sophisticated
methods of lithic analysis, then linking that data to explanatory theories of human
behavior (Scerri et al. 2014). Examples of such studies are those by Brantingham &
Kuhn (2001), who apply a geometric and mathematical model to understand Levallois
core morphology, or Dibble & Rezek (2009), that through platform attributes try to
understand flake variability.
Despite the existence of several different concepts in quantitative analysis, the
basic units of analysis continue to be the technological attributes (Scerri et al. 2014).
These attributes are measurable (e.g. length, width or thickness) and observable
(e.g. platform type or cross section type) proxies for understanding lithic shape and
production methods (Inizan et al. 1999). Following certain paradigms, like the ones
referred above, they can be quantified in different ways, such as diversity, mechanical
relationships, shapes and reduction sequences, in order to better understand lithic
assemblages (Scerri et al. 2014) and the role that lithics played in past adaptations
over time and space (Foley & Lahr 2003).
The application of attribute analysis does have some caveats, linked mainly to
how such attributes are interpreted by the archaeologist and their actual contribution
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to the understanding of an assemblage’s variability (Dibble 2008; Scerri et al. 2014).
Nonetheless, this approach was chosen for the present study, for the recognized bene-
fits such as flexibility (resolution and amount of information recovered) and broadness
of utility (Tostevin 2012).
This methodology, which aims to recover morphological and metrical attributes
of technological classes, has been present in pre-historical european contexts since the
1970s (Bicho 1992). In Portugal, this methodology has been applied, among others,
by Bicho (1992) who characterized Rio Maior’s Upper Paleolithic lithic assemblages,
Zilhão (1997a) for the Upper Paleolithic archaeological sites of Estremadura, Almeida
(2000), who associated attribute analysis with refitting to characterize the Terminal
Gravettian of the Estremadura, Cascalheira (2013) to define social dynamics during
the Last Glacial Maximum in southern Iberia.
Regarding the latter approach, refitting, despite allowing a precise description of
the sequences of knapping operations from the beginning of the knapping sequence to
the final desired products, has too many caveats for its application in the present study
(Tostevin 2012). Often, assemblages may not gather the requisites which are necessary
for the application of this methodology such as adequate contextual preservation or
presence of complete in situ knapping sequences or the investigators may not have
either the time or space for it. Additionally, one or two totally refitted nodules
may or may not be representative of the dominant operative sequence, especially in
situations where there is high internal variability (Tostevin 2012). Regarding the sites
in this study, Vale Boi’s layer 5 and 4E assemblage shows a high degree of variability,
and Lapa do Picareiro’s U to middle T assemblage shows a truncated reduction
sequence (due to site function and high altitude location). Given the aforementioned
problematics, the present study used only an attribute analysis approach without
refits.
For this study, all artifacts and their technological and morphological attributes
were recorded using two different databases, thus dividing the analysis in two phases:
basic and complete attribute-based analysis.
In both cases, data collection was done through E4, a software developed by
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Dibble and McPherron (2003), available for download at http://www.oldstoneage.
com/software/default.shtml. The software allows the user to program a database
file which filters variables through conditions, defined by previous choices and at-
tributes, which allows for better control of the database and homogeneous results.
After recording, all information is gathered in one single database in an Access type
output.
The basic analysis (Table A.2, Appendix A) was applied to all of Vale Boi’s quartz
artifacts (layers 5 and 4E), since all lithics from the same assemblage in other raw-
materials (e.g. chert and greywacke) had been previously analysed with the same
database (see Belmiro 2018). This database consists of a reduced set of variables
which allow for the general classification of metric and morphologic characteristics of
the artifacts, as well as the identification of raw material preference and preferential
use. These main variables were: 1) raw material; 2) technological class, following the
traditional criteria for lithic technological analysis (Andrefsky 1998; Bicho 2011; De-
bénath & Dibble 1994; Inizan et al. 1999); percentage of cortex (Bicho 2011); weight
and mesial thickness, maximum width and maximum length. Retouched pieces were
classified into wider groups regarding their morphologies and retouch type, follow-
ing the typologies defined by Sonneville-Bordes & Perrot (1956), adapted by Zilhão
(1997a) for the Portuguese Estremadura.
The complex analysis was applied to Vale Boi cores, debitage products and re-
touched pieces. Only pieces which were complete were chosen for this stage for two
main reasons: 1) the collection is well preserved, with high percentages of complete
cores and blanks (~80%), guaranteeing that the sample is representative; 2) only
complete pieces gather all the necessary attributes for a thorough analysis. The same
database was applied to the whole assemblage of Lapa do Picareiro, given its small
sample size.
The several attributes analysed in this database follow those present in special-
ized literature, such as Brézillon (1968) and Tixier & Inizan (1980), paired with the
methodologies used in Upper Paleolithic lithic attribute analysis works, such as Bicho
(1992), Zilhão (1997a) or Almeida (2000).
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The complete Data Dictionary with all variables, attributes, values and descrip-
tion, with reference to the consulted literature can be found in Appendix A (Table
A.3.
Regarding cores, the following variables were registered: section, type of platform
and number of platforms, core morphology, following the types defined by Bicho
(1992) and Brézillon (1968), percentage of cortex, types and number of extracted
products (with maximum, proximal, mesial and distal measurements of the final
extraction) and reason for abandonment. When cores showed more than one face,
a dominant debitage face was established, which allowed for the orientation of the
artifact and recording of some of the variables (e.g. measurements of final extraction).
For debitage products and EMNP, their technological class, morphology, section
and profile were recorded, following the definitions by Zilhão (1997a). Other de-
termined attributes were the presence of lipping and type of platform, according to
Inizan et al. (1999), percentage of cortex and amount of dorsal extractions and di-
rection (> 5 mm) (Scerri et al. 2015). Retouched pieces were classified into wide
groups as applied in the simple database, following once again the typologies defined
by Sonneville-Bordes & Perrot (1956), adapted by Zilhão (1997a) for the Portuguese
Estremadura.
In what concerns to the technological classes, the values recorded were core, blank,
retouched piece and core preparation product following traditional analysis criteria
(Andrefsky 1998; Bicho 2011; Debénath & Dibble 1994; Inizan et al. 1999), but
collapsing both flakes and elongated blanks in a single category. The difference be-
tween flake and elongated blank is traditionally defined by a ratio between length and
width measurements. Elongated blanks are defined as products where length is equal
or greater than twice their width (Bicho 2011; Tixier & Inizan 1980). Very frequently,
this ratio is blurred, resulting in elongated flakes or short elongated blanks, which
may result in incorrect classifications. In understanding both flakes and elongated
blanks as a whole, without prior classification, and using the measurements recorded
if needed, we achieve the same results without the need to find classification mistakes
and without delving into typologies which may not have any real technological signif-
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icance. The same methodology was applied regarding the definition of bladelet and
blade. As traditionally defined, bladelets are elongated blanks with maximum width
of 12 mm, whereas blades are elongated blanks with more than 12 mm of width or
more than 50 mm of length (Tixier 1963). For the present study, this typological dif-
ferentiation was not applied during the analysis, since it may be achieved, if needed,
with the recorded measurements.
The measurements were registered equally for debitage products and cores as
shown in Figure 4.1, which included the measurement of the platform angle accord-
ing to Dibble (1997), with the goal of understanding platform morphology, which,
according to the author, may offer a better understanding of lithic technological vari-
ability. In this case, the variation in exterior platform angle, platform depth and
angle of blow seem to explain flake size, and the variation of the exterior platform
angle seems to have an impact on flake shape as well, both of which have implications
in understanding the employment of different strategies for preferential size of blank
products (Dibble 1997; Dibble & Rezek 2009; Leader et al. 2017; Lin et al. 2013).
Figure 4.1: Registered measurements scheme for debitage products and cores. Leg-
end: 1- Maximum length; 2- Distal width; 3- Mesial width; 4- Maximum width; 5-
Proximal width; 6- Mesial thickness; 7- Platform thickness; 8- Platform width.
Finally, although raw material had been previously analysed during the simple
attribute analysis, quartz artefacts were subdivided regarding raw material quality.
When analysing the quartz lithic collection, it was apparent that fracture patterns
and product morphology differed greatly between quartz and other raw materials and
even within types of quartz. In fact, it is understood that applying the same analysis
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variables to all raw materials, especially quartz, may not be the most appropriate
methodology, since different technological solutions might be applied to materials
which react differently to knapping (Beardsell 2013). Despite this, creating a differ-
ent database or establishing different analysis attributes for quartz would result in
different issues and problems that would require further testing and experimenting.
Thus, in order to understand possible preferential uses or mechanical constraints of
quartz, this raw material was analysed with the same attributes as other raw mate-
rials, but further classified regarding its quality. In fact, Almeida (2000) stated that,
for the Terminal Gravettian, raw material quality, namely the quartz, resulted in spe-
cific behaviors and different technological patterns. By defining quartz quality and
understanding the collection through this added variable, it was our goal to better
comprehend the cultural horizon in its fullest, and allow comparison to other studies,
in which similar variables were considered.
Quartz quality was defined by grain size: coarse quality was applied to every
quartz artifact that displayed large and visible grains (>0.5 mm); medium quality
was applied whenever the grains were visible but small (<0.5 mm); fine quality was
defined by the absence of visible grains; and rock crystal was applied whenever there
was the absence of visible grains, but where the minerals were translucent.
4.2 Data analysis
After data collection, the databases, for both Vale Boi and Lapa do Picareiro,
were imported into R environment, where the information was processed through the
creation of descriptive statistical analysis. This and the writing of this thesis were
done in RStudio, an open source integrated development environment (IDE) for R,
which can be downloaded at https://rstudio.com, also with resource to RMark-
down, which allows the production of fully reproducible documents (downloaded at
https://rmarkdown.rstudio.com).
Following the goal for transparent science and reproducible results, the script
programmed for this analysis, as well as all the raw data used can be consulted on-
44
4.2. Data analysis
line through the following DOI (www.doi.org/10.17605/OSF.IO/7HZ52). To produce
those files the procedures described by Marwick (2017) for the creation of research
compendiums to enhance the reproducibility of research were followed. A list with
all R packages used in the analysis is also present in Appendix C.
To enable maximum re-use, the code is released under the MIT license, data as







As mentioned in previous chapters, the lithic assemblages analysed in this study
come from layers 4E and 5 of the Terrace area. The present study only considered
materials from rows H, I and J, excavated between 2012 and 2019.
Artifact distribution across layers 5 and 4E confirms an interesting pattern, al-
ready evidenced in previous works (e.g., Belmiro 2017). As seen in Figure 5.1, the
distribution of artifacts (excluding chips), clearly shows a concentration of materials
in the top of the sequence, corresponding to the totality of Layer 4E and the first
c. 10 cm of Layer 5. The discard rates of artifacts then gradually diminish in the
middle and bottom sections of Layer 5.
A preliminary visual analysis of the artifact distribution presented in Figure 5.1
does not seem to show concentrations of specific raw materials along the stratigraphy.
However, when calculating the percentages of the three most important raw ma-
terials by cubic meter of excavated sediment (Figure 5.2) and plotting them by depth,
there are significant differences in raw material distribution over time. From around
24.1 m of depth upwards, there is an important shift in quartz and chert frequencies,
the latter increasing more than 10%, and quartz dropping from c. 50% to nearly 30%.
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Figure 5.1: Vale Boi. Spatial distribution of lithic artifacts (without chips) by raw
material, on unit H.
This shift seems to be associated with other significant changes in the Terrace
sequence, such as the aforementioned increase in the amount of lithic materials in
top of Layer 5 and Layer 4E, but also the appearance of Vale Comprido technology
(Figure 3.6). Additionally, these two moments are stratigraphically correlated with
two different chronological horizons, the first, dated to c. 26 ka cal BP, at c. 23.9
m depth, and associated with higher frequencies of quartz, and the second, dated to
c. 24.7 ka cal BP, at around 24.1 m depth, associated with higher frequencies of chert
and a reduction in quartz presence.
As such, and given the chronological data, density of artifacts, and raw mate-
rial preference patterns, it was decided that for this study the materials would be
subdivided in two analytical units, to better understand any possible technological
differences: Lower 5, including all artifacts with Z values under 24.1; Upper 5/4E,
including all artifacts with Z values of 24.1 and above. The value 24.1 is arbitrary
and was chosen for the reasons aforementioned: it seems to be where the separation
between higher and lower densities of lithic materials occurs and, also, where the
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Figure 5.2: Vale Boi. Raw material discard rates over time. Each point is an
excavation unit (spit). The lines are locally weighted regression lines (span ¼ 0.4)
to aid in visualising the trend of increased discard in the upper part of the deposit.
A total of 26,703 pieces were analysed for both groups, 11,094 from Lower 5
group (Table 5.1) and 15,609 for the Upper 5/4E (Table 5.2). Most of these are
chips (70.62% from Lower 5 and 65.68% from Upper 5/4E), followed by shatters,
which make up c. 21% and c. 24% of the groups, respectively. These extremely high
numbers for debris are mostly the result of quartz use, which can be explained not
only by on-site knapping of this raw material but mostly by its breakage patterns
(especially when coarser), which typically produces more waste than in other raw
materials.
For Lower 5, cores and debitage products represent a cumulative frequency of
c. 8%. For Upper 5/4E, debitage products represent nearly 10% of the group’s as-
semblage. Complete blanks are the most represented class for both groups, with
1,474 identified pieces, 4.59% for Lower 5 and 6.18% for Upper 5/4E, followed by
blank fragments, with an absolute count of 248 for Lower 5 and 336 for Upper 5/4E.
Cores are also relatively frequent within these assemblages, with an absolute count
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of 123 cores, 46 for Lower 5 and 77 for Upper 5/4E, while core fragments appear in
much smaller numbers (n=11 and n=14, respectively).
During the analysis, 167 retouched pieces were identified, 55 on Lower 5, rep-
resenting 0.5% of the group, and 112 on Upper 5/4E, with a frequency of 0.72%.
Retouched piece fragments appear in much smaller numbers (n=7 for Lower 5 and

































Anvil 0 0% 0 0% 2 0.09% 0 0% 0 0% 0 0% 2 0.02%
Blank 281 3.58% 171 15.86% 44 2.08% 3 50% 6 37.5% 4 11.76% 509 4.59%
BlankFrag 132 1.68% 90 8.35% 23 1.09% 1 16.67% 1 6.25% 1 2.94% 248 2.24%
Core 18 0.23% 23 2.13% 3 0.14% 0 0% 1 6.25% 1 2.94% 46 0.41%
CoreFrag 2 0.03% 8 0.74% 0 0% 1 16.67% 0 0% 0 0% 11 0.1%
CorePreparProd 1 0.01% 0 0% 0 0% 0 0% 0 0% 0 0% 1 0.01%
Manuport 0 0% 0 0% 2 0.09% 0 0% 0 0% 1 2.94% 3 0.03%
RetouchedPiece 15 0.19% 38 3.53% 1 0.05% 0 0% 1 6.25% 0 0% 55 0.5%
RetouchedPieceFrag 3 0.04% 4 0.37% 0 0% 0 0% 0 0% 0 0% 7 0.06%
Shatter 1754 22.36% 95 8.81% 507 23.96% 0 0% 5 31.25% 16 47.06% 2377 21.43%
Chip 5638 71.88% 649 60.2% 1534 72.5% 1 16.67% 2 12.5% 11 32.35% 7835 70.62%


































Blank 438 3.91% 407 19.53% 80 3.62% 14 60.87% 18 32.14% 8 34.78% 965 6.18%
BlankFrag 151 1.35% 155 7.44% 20 0.9% 3 13.04% 7 12.5% 0 0% 336 2.15%
Burin spall 0 0% 1 0.05% 0 0% 0 0% 0 0% 0 0% 1 0.01%
Core 32 0.29% 42 2.02% 1 0.05% 0 0% 0 0% 2 8.7% 77 0.49%
CoreFrag 4 0.04% 10 0.48% 0 0% 0 0% 0 0% 0 0% 14 0.09%
CorePreparProd 1 0.01% 5 0.24% 0 0% 0 0% 0 0% 0 0% 6 0.04%
Manuport 0 0% 0 0% 5 0.23% 0 0% 0 0% 1 4.35% 6 0.04%
RetouchedPiece 34 0.3% 70 3.36% 2 0.09% 5 21.74% 1 1.79% 0 0% 112 0.72%
RetouchedPieceFrag 6 0.05% 9 0.43% 1 0.05% 0 0% 0 0% 0 0% 16 0.1%
Shatter 3006 26.81% 227 10.89% 563 25.46% 1 4.35% 15 26.79% 12 52.17% 3824 24.5%
Chip 7540 67.25% 1158 55.57% 1539 69.61% 0 0% 15 26.79% 0 0% 10252 65.68%
Total 11212 - 2084 - 2211 - 23 - 56 - 23 - 15609 -
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5.1.2 Lapa do Picareiro
The materials from Lapa do Picareiro selected for this study come exclusively
from Levels U and T. Based on chronological data and artifact distribution along
the sequence, these levels had been previously organized into two distinct cultural
horizons (Haws et al. 2019), somehow similar to the Terminal Gravettian and Proto-
Solutrean phases in the traditional transition model (Zilhão 1997a; Zilhão et al. 1999).
Given this geo-archaeological background, for the present analysis the materials
were separated into two assemblages: U/Lower T, which included all artifacts with
depths inferior to 566.9 m or (in case of artifacts lacking 3D coordinates) from all
spits from Level U and spits 6 through 8 from Level T (Haws et al. 2019); Middle
T, including all artifacts with depths equal or superior to 566.9 m, or from the top
five spits of Level T. Any other artifact in the assemblage which did not have a depth
value or level/spit was not considered in these results since it lacked the needed
information to contextualize its technological attributes. Also excluded from this
study are the materials found on top of Level T, undoubtedly attributable to the
Solutrean (Benedetti et al. 2019; Haws et al. 2019).
A total of 376 pieces were analysed, 196 coming from the U/Lower T phase (Table
5.3) and 180 from the Middle T group (Table 5.4). In both groups, debitage waste
is mostly composed of chips, which represents 49.5% of the U/Lower T group and
37.2% of the Middle T group. As in Vale Boi, these values for chippage can be mostly
explained by quartz breakage patterns.
The second most present class for both assemblages are complete blanks, which
represent 13.7% of the U/Lower T group and 37.2% of the Middle T group, followed
by blank fragments (13.7% and 15.5%, respectively). Retouched pieces have relatively
small frequencies, representing c. 3% in both U/Lower T and Middle T. Cores are




Table 5.3: Lapa do Picareiro - U/Lower T. Technological class by raw material.
Class Quartz (n) Quartz (%) Chert (n) Chert (%) Other (n) Other (%) Total Total (%)
Blank 30 20.83% 24 53.33% 1 14.29% 55 28.06%
BlankFrag 22 15.28% 4 8.89% 1 14.29% 27 13.78%
Core 2 1.39% 0 0% 0 0% 2 1.02%
CorePreparProd 0 0% 1 2.22% 0 0% 1 0.51%
Manuport 0 0% 0 0% 1 14.29% 1 0.51%
RetouchedPiece 1 0.69% 5 11.11% 0 0% 6 3.06%
Shatter 4 2.78% 1 2.22% 2 28.57% 7 3.57%
Chip 85 59.03% 10 22.22% 2 28.57% 97 49.49%
Total (RM) 144 - 45 - 7 - 196 -
Table 5.4: Lapa do Picareiro - Middle T. Technological class by raw material.
Class Quartz (n) Quartz (%) Chert (n) Chert (%) Other (n) Other (%) Total Total (%)
Blank 19 19% 46 63.01% 2 28.57% 67 37.22%
BlankFrag 19 19% 9 12.33% 0 0% 28 15.56%
Core 2 2% 2 2.74% 1 14.29% 5 2.78%
RetouchedPiece 0 0% 5 6.85% 0 0% 5 2.78%
Shatter 3 3% 2 2.74% 3 42.86% 8 4.44%
Chip 57 57% 9 12.33% 1 14.29% 67 37.22%
Total (RM) 100 - 73 - 7 - 180 -
5.2 Raw materials
Raw material use and availability, specifically abundance and quality, stand as
important factors for understanding the organization of technology, as it may affect
decisions regarding tool design and conservation of such tools (Andrefsky 1994), as
well as mobility and niche expansion (Cascalheira 2013). This quality is connected
to both the raw material’s fracture mechanics and their intrinsic mineral characteris-
tics, such as the size of their grain, homogeneity (Andrefsky 1994), or even hardness
(Kempson & Wadley 2011), which allow the knapper predictability over the outcome
(Andrefsky 2005).
There are a number of stones that are constant throughout the stone age archaeo-
logical record for having the necessary properties described above. Stones or minerals
characterized by high frequencies of silica, such as chert or quartz, allow for good
fracture predictability, while other materials with less homogeneity may progressively
result in less predictable characteristics (Andrefsky 2005). Thus, despite the raw ma-
terial variability within the pre-historic archaeological record, linked to its availability
and geomorphological contexts of the sites, the selection is often coherent regarding
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fracture mechanics, where predictable conchoidal fractures are preferred (Andrefsky
2005; Inizan et al. 1999; Tixier & Inizan 1980).
This pattern is also observable at Vale Boi and Lapa do Picareiro as shown be-
low. Previous studies have shown that throughout most levels of human occupation
at both sites, chert, fine quartz and greywacke (the latter in the case of Vale Boi
only) or quartzite (in the case of Lapa do Picareiro) (all characterized by conchoidal
fracture, although greywacke and quartzite are often coarse and more unpredictable)
were the most frequently used (Benedetti et al. 2019; Bicho et al. 2012; Cascalheira
2010; Haws et al. 2019; Marreiros 2009; Marreiros et al. 2009; Pereira et al. 2016).
While at Vale Boi all the materials are available at a regional and local scale, at Lapa
do Picareiro a more detailed analysis is needed to assess raw material provenance.
Also, although the presence of the main raw materials is documented across all ar-
chaeological levels in Vale Boi, with each occupation differing in the frequency of their
use, chert is always the primary material used for knapping (Cascalheira 2010). At
Lapa do Picareiro, the use of chert is not always a preference, such as in the case
of Level FF, where quartzite is clearly dominant. The characteristics of Lapa do
Picareiro and the potential functional specificities of each occupation must have had
a significant impact on the type and quality of the discarded materials.
For the present study, criteria used for raw material analysis focused on the iden-
tification of broader groups of stones and minerals, based on their general observable
characteristics, without focusing on particular features within each raw material. Two
exceptions were made, however. At both sites, quartz was subdivided into different
categories regarding the size of the grain, to isolate and better understand the dif-
ferent uses of quartz over time. At Lapa do Picareiro, chert was organized based on
color to evaluate the integrity of the deposits and, preliminarly, explore the spatial
organization of levels U and T. Both of these exceptions are presented in the follow-
ing sections where the patterns of exploitation of the more relevant raw materials are




One of the most relevant raw materials in both of Vale Boi’s analytical units
used for this study is quartz (encompassing rock crystal, fine, medium and coarse
qualities), which represents c. 43% of the total assemblage for the Upper 5/4E group,
and c. 51% for Lower 5. Chert, on the other hand, represents c. 46% of the Upper
5/4E phase and 38% of the Lower 5. Finally, greywacke, dolerite, chalcedony, and
other raw materials that due to their low frequencies were collapsed in the category




















Figure 5.3: Vale Boi. Frequencies of raw materials by phase. Chips and shatters
not included.
Quartz
The number of chips and shatter in quartz are, as seen in Tables 5.1 and 5.2,
extremely high, both in its representativity within the raw material, with c. 94% for
both Lower 5 and Upper 5/4E, and when compared to the relative frequencies of
other raw materials.
Despite the low frequencies presented on the table, there is a large number of
quartz blanks (n=281 for Lower 5 and n=438 for Upper 5/4E) compared to the rest
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of the classes, as well as cores (n=18 for Lower 5 and n=32 for Upper 5/4E) and
retouched pieces (n=15 for Lower 5 and n=34 for Upper 5/4E).
Most of the quartz artifacts do not show the presence of cortex, with nearly 95%
of all artifacts having 0% cortex (Figure 5.5). When cortex is present, around 72%
of the artifacts indicate the exploitation of cobbles or pebbles. These patterns are
similar for both Lower 5 and Upper 5/4E (Tables 5.7 and 5.8).
As mentioned before, quartz was organized into groups regarding grain size. An-
alyzing the artifact class frequency through the different identified types of quartz
confirmed an already expected pattern: the production of blanks was largely accom-
plished using fine and medium quality quartz (52.1% and 32.7% for Lower 5, Table
5.5 and 49.3% and 32.1% for Upper 5/4E, Table 5.6, respectively).
Table 5.5: Vale Boi - Lower 5. Frequencies of technological classes by quartz quality.
Quartz quality Blank Core CorePreparProd RetouchedPiece Total
QuartzQuality, n (%)
Coarse 40 (14.2) 5 (27.8) 0 (0.0) 1 (6.7) 46 (14.6)
Fine 148 (52.7) 6 (33.3) 0 (0.0) 10 (66.7) 164 (52.1)
Medium 91 (32.4) 7 (38.9) 1 (100.0) 4 (26.7) 103 (32.7)
RockCrystal 2 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.6)
Table 5.6: Vale Boi - Upper 5/4E. Frequencies of technological classes by quartz
quality.
Quartz quality Blank Core CorePreparProd RetouchedPiece Total
QuartzQuality, n (%)
Coarse 82 (18.7) 9 (28.1) 0 (0.0) 0 (0.0) 91 (18.0)
Fine 223 (50.9) 7 (21.9) 0 (0.0) 19 (55.9) 249 (49.3)
Medium 130 (29.7) 16 (50.0) 1 (100.0) 15 (44.1) 162 (32.1)
RockCrystal 3 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.6)
Most of the retouched tools were also recorded for these two types of quartz quality
(66.7% and 26.7% for Lower 5, and 55.9% and 44.1% for Upper 5/4E). No retouched
pieces were identified in coarse quartz and rock crystal. The latter type represents,
also, a rather small fraction of the assemblage. In accordance with previous studies
on Vale Boi lithic industries (e.g. Cascalheira 2009, Marreiros 2009) coarse quartz
appears mostly as knapping shatters, or as other type of fragments not related to
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human knapping (see Manne et al. 2012 for more information).
Chert
Chert shows high frequencies of blanks (15.8% for Lower 5 and 19.6% for Upper
5/4E) when compared to every other class, excluding chips (Tables 5.1 and 5.2). The
latter represents more than 50% of the chert assemblages, with an absolute frequency
of 649 chips for Lower 5 and 1,158 for Upper 5/4E.
Although chert shows smaller absolute numbers for blanks (n=171 for Lower 5
and n=407 for Upper 5/4E) and blank fragments (n=90 for Lower 5 and n=155 for
Upper 5/4E) compared to quartz, there is a large quantity of cores representing 2.1%
of total chert in Lower 5 and 2% in Upper 5/4E. However, Tables 5.1 and 5.2 show a
noticeable difference in the ratio between chert blanks and quartz blanks in Lower 5
and Upper 5/4E, with the latter showing a higher frequency of chert blanks compared
to Upper 5/4E.
Regarding retouched pieces, these represent more than 3% of chert for both
phases, a number far higher than those in other raw materials. This shows that
chert, although less present than quartz in blank absolute count (although barely in
Upper 5/4E), might have been preferentially used for formal tool production.
Chert also shows the most prominent variability of cortex frequencies in both
phases (Figure 5.5), although there is a clear dominance of artifacts with 0% cortex,
a pattern that was already expected, following the process of the knapping sequence,
where only the first blanks removed from an unmodified block will be entirely cor-
tical, showing increasingly less cortex for posterior removals (Andrefsky 2005). It
is noteworthy, however, that for both phases, a significant number of chert artifacts
(c. 25%) presented cortical surfaces, confirming that chert nodules were imported to
the site and thus all phases of the reduction sequences are likely represented.
This variability in cortex presence is accompanied by some diversity of cortex
types, with the presence of both cobble and outcrop sources, even though for almost





Greywacke is a variety of sandstone, often characterized by its hardness, dark
color and poorly sorted grains of quartz and feldspar (Haldar 2013). At Vale Boi,
this raw material is highly heterogeneous, showing a wide variety of grain sizes and
colors.
Within the studied assemblage, greywacke is best represented by debitage waste,
with around 25% of shatter and 70% of chips, for both Lower 5 and Upper 5/4E. In
contrast, relatively low numbers for blanks (n=44 for Lower 5 and n=80 for Upper
5/4E) and cores (n=3 for Lower 5 and 1 for Upper 5/4E) were recorded. The same
applies to the retouched tools category, with three artifacts recorded, one of which is
a Vale Comprido piece, in the Upper 5/4E phase.
When chips and shatters are removed, greywacke has a representation of less than
10% in both assemblages making it the third most used raw material (Figure 5.3).
Similarly to the other raw materials, there is, for both phases, the predominance
of debitage without cortex (Figure 5.5). There is, however, some variability in cortex
presence, even if in smaller frequencies than the patterns observed for chert. As in
the case of quartz, most of the identified cortex presented water-worned surfaces,
indicating the exploitation of cobbles or, most likely, slabs.
Dolerite
Dolerite is a volcanic igneous rock, occurring mostly in dikes, varying between
coarse and fine textures, and often having a dark, grey or greyish-green coloration
(Haldar 2013; Kempson & Wadley 2011). Its presence is registered in the Algarve,
through occasional outcrops in the southwest (Oliveira 1984), also appearing as out-
crops within the Messejana fault (Belmiro 2018).
At Vale Boi, this raw material was first identified as jasper when excavating the
levels referring to the Proto-Solutrean occupation in the Terrace area (units J-L),
before 2012 (Marreiros 2009). The material has a very characteristic reddish-brown
color and fine texture, with a conchoidal fracture. Despite this coloration, which is
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also present in jasper (a red-colored variety of chalcedony), the raw material was later
identified as dolerite, and its coloration explained by the presence of a reddish patina
which would have altered the original rock by processes of iron mineral oxidation
through contact with the terra rossa (Belmiro 2018).
The analysis of a thin section obtained from a dolerite fragment from the present
assemblage allowed the characterization of this raw material, through its visible fea-
tures and petrography. The reddish coloration was confirmed to be an exterior patina,
no more than 1 mm thick, completely covering the artifacts. The actual rock still
displays a fine texture but with an opaque black color (Figure 5.4).
Results from the petrographic analysis done through the observation of the thin
section using a polarizing microscope revealed the presence of several minerals (Figure
A.1, Appendix A), such as feldspar, plagioclase, quartz, small quantities of silica,
little presence of mica and iron oxide, which are in concordance with the mineral
composition of dolerite or possibly hornfels (Kempson & Wadley 2011). The feldspar
minerals showed the presence of undulatory extinction, a deformation that takes place
whenever certain minerals are exposed to high temperatures (Frost & Frost 2019),
thus indicating that the raw material is highly metamorphized.
Regarding the differentiation between dolerite and hornfels, although these two
rocks have different origins, the latter being of volcanic igneous origin, considered
a contact metamorphic rock (Haldar 2013), they share enough visual and mineral
characteristics (whenever the dolerite has a fine texture) to hinder their precise iden-
tification. Literature most often uses other methods to differentiate them, such as
FTIR or XRF, by understanding not the mineral composition (which is essentially the
same) but the ratio of components presence. This matter is further complexified by
understanding that hornfels might originate from metamorphized igneous rocks, sev-
eral sources of hornfels attributed to dolerite dikes (Hallinan & Shaw 2015; Kempson
& Wadley 2011).
Given this difficulty, although the present analysis will use the term dolerite, for
their reported similarities in terms of texture, grain size and fracture, further chemical
studies need to be done in order to confirm whether the raw material is dolerite
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or possibly hornfels. Regarding the latter, there is also the presence of hornfels
outcrops and rounded pebbles in the Algarve, near the southwestern coast, thus
strengthening the hypothesis that this raw material, whether dolerite or hornfels, is
available regionally.
Looking at the interior of dolerite allowed, during the second moment of analysis,
to identify other products in the same raw material, which were not previously identi-
fied due to the lack of the same reddish patina. This patina also appears throughout
the assemblage, mostly on greywacke, although without forming the same 1 mm thick
layer visible on the dolerite pieces. This may be explained by the inherent mineral
characteristics of this type of raw material and their reaction with the surrounding
sediment.
The presence of this patina in several degrees of intensity, preferentially in dolerite
and greywacke, its presence in both finished complete artifacts and flake fragments
or shatters, and its occurrence also reported in the literature as a process frequently
affecting raw materials like hornfels (e.g., Hallinan & Shaw 2015), suggests that it is,
in fact, the result of geological and chemical processes affecting these raw materials.
Its absence from other raw materials, like chert or quartz, may reflect the inherent
mineral properties of these rocks.
Dolerite is a rather unusual raw material in the site of Vale Boi, appearing only
in layers 4E and 5 of the Terrace and Proto-Solutrean levels of the Slope area. The
most striking characteristic of this raw material in the assemblages under study is
the low presence of chips or shatter (n=1 each), but high frequencies of blanks (50%
in Lower 5 and 60.8% in Upper 5/4E) and blank fragments (16.6% in Lower 5 and
13% in Upper 5/4E) (Tables 5.1 and 5.2). Unlike Lower 5, in Upper 5/4E dolerite is
represented by five retouched tools, some of which are Vale Comprido points. This
raw material seems to have been used preferentially at Vale Boi for the production of
these types of points, a pattern already observed in previous works (Marreiros 2009),
where three out of five Vale Comprido points were identified as dolerite (originally
jasper).
The absence of cores, with only one core fragment identified in the Lower 5
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group, and low quantity of debitage waste may be explained by the importation
of finished pieces or blanks to the site, suggesting that, most likely, no knapping
activities occurred with this raw material at the site. This interpretation is, however,
truncated by this study’s phase analysis. As the identification of the inner aspect of
dolerite was only achieved at the start of the second phase, which as referred before,
consisted of the analysis of all cores and debitage products with a more complete
database, shatter, chips and fragments were not revisited, thus not allowing for the
possible identification of unpatinated dolerite within those classes, which might have
been mistaken for fine-grained greywacke. This caveat does not, however, seem to
influence the patterns regarding complete blank and retouched tools frequency.
Figure 5.4: Dolerite flake removed from a debitage waste piece. Left: ventral side
with interior colour and texture of the raw material; Right: dorsal side with patina.
Chalcedony
Chalcedony is a type of cryptocrystalline quartz, characterized by a waxy and
glossy appearance, ranging from a variety of possible colors (Haldar 2013), although
white is the only present variety in the studied assemblages. The chalcedony in levels
5 and 4E is also characterized by the frequent presence of inclusions, making this raw
material poorly homogeneous.
Results indicate it may have been mainly used for the production of blanks, which
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represent 37.5% of chalcedony in Lower 5 (Table 5.1) and 32.1% in Upper 5/4E (Table
5.2), with a rather small representation of retouched pieces (n=2), which include a
Vale Comprido point in the Upper 5/4E group. The presence of a core in Lower 5,
as well as the presence of shatter and chips (in small numbers, n<5 each for Lower 5
and n=15 each for Upper 5/4E, respectively) may indicate, contrary to the dolerite,
onsite knapping of this raw material.
Compared to other raw materials, chalcedony has the lowest frequencies of cortex,
in both phases, with almost 100% of all artifacts (except shatter and chips) having
0% cortex (Figure 5.5).

























































Figure 5.5: Vale Boi. Frequencies of cortex by raw material and phase. Chips and
shatters not included.
Table 5.7: Vale Boi - Lower 5. Frequencies of cortex type by raw material.
Cortex attributes Quartz Chert Greywacke Total
CortexType, n (%)
Cobble 15 (83.3) 5 (8.5) 7 (77.8) 27 (31.0)
Indeterminate 2 (11.1) 50 (84.7) 0 (0.0) 53 (60.9)
Outcrop 1 (5.6) 4 (6.8) 2 (22.2) 7 (8.0)
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Table 5.8: Vale Boi - Upper 5/4E. Frequencies of cortex type by raw material.
Cortex attributes Quartz Chert Greywacke Dolerite Other Total
CortexType, n (%)
Cobble 30 (81.1) 11 (6.7) 9 (81.8) 2 (100.0) 3 (100.0) 55 (25.3)
Indeterminate 4 (10.8) 123 (75.0) 2 (18.2) 0 (0.0) 0 (0.0) 129 (59.4)
Outcrop 3 (8.1) 30 (18.3) 0 (0.0) 0 (0.0) 0 (0.0) 33 (15.2)
5.2.2 Lapa do Picareiro
Comparatively to Vale Boi, Lapa do Picareiro shows less raw material variability,
which might be explained by the lithological characteristics of the area, already ex-
plored in other studies that showed similar raw material presence patterns (Almeida
2000; Zilhão 1997a), but can also be related to the location of the site in a high altitude
environment with significant implications to the functional nature of the occupations














Figure 5.6: Lapa do Picareiro. Frequencies of raw material by phase. Chips and
shatters not included.
The main raw materials identified were quartz and chert (Figure 5.6). Quartz is
dominant in the U/Lower T phase, representing c. 60% of the assemblage, while chert
is dominant in the Middle T phase, representing c. 59%. The sporadic occurrence of





The number of chips in quartz, as seen on Tables 5.3 and 5.4, is extremely high,
representing nearly 60% of this raw material in both phases. Other waste products,
i.e. shatters, show much smaller numbers (n=4 for U/Lower T and n=3 for Middle
T). Comparatively, complete blanks are the second most present class in quartz, with
a frequency of 20% (n=30) for the U/Lower T group, followed by blank fragments
which represent 15.2% of that assemblage (Figure 5.7). For the Middle T group,
complete blanks and blank fragments show similar frequencies, representing c. 19%
each. Although in small numbers, quartz shows the highest number of cores (n=4, 2
in each group) from all raw materials, but a small number of retouched tools (n=1).
Figure 5.7: Lapa do Picareiro - U/Lower T - Fine quartz and rock crystal blanks
and blank fragments.
Regarding cortex, quartz shows frequencies as low as 6% for cortex presence on the
U/Lower T group, 12.5% on the Middle T, being mostly composed of pieces with no
cortex on their dorsal surfaces. When present, cortical surfaces are all water-worned,
indicating the exploitation of cobbles/pebbles (Tables 5.11 and 5.12).
As in Vale Boi, quartz was categorized regarding grain quality and color (Tables
5.9 and 5.10). For both the U/Lower T group and Middle T, it is possible to observe a
majority of fine quality quartz and rock crystal for both cores and blanks, with barely
any presence of medium and coarse quality quartz. The latter category is completely
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absent in the Middle T group.
One observable difference between the two groups is in the percentage of rock
crystal and fine quality: in the U/Lower T, fine quality quartz represents c. 55%
of quartz, while rock crystal has a frequency of nearly 43%; for Middle T, these
percentages change, as fine quality quartz represents c. 38%, against c. 57% of rock
crystal. Finally, the single identified retouched tool in U/Lower T was made in fine
quality quartz.
Table 5.9: Lapa do Picareiro - U/Lower T. Frequencies of technological classes by
quartz quality.
Quartz quality Blank Core RetouchedPiece Total
QuartzQuality, n (%)
Fine 16 (53.3) 1 (50.0) 1 (100.0) 30 (54.5)
Medium 1 (3.3) 0 (0.0) 0 (0.0) 1 (1.8)
RockCrystal 13 (43.3) 1 (50.0) 0 (0.0) 24 (43.6)
Table 5.10: Lapa do Picareiro - Middle T. Frequencies of technological classes by
quartz quality.
Quartz quality Blank Core Total
QuartzQuality, n (%)
Fine 7 (36.8) 1 (50.0) 8 (38.1)
Medium 1 (5.3) 0 (0.0) 1 (4.8)
RockCrystal 11 (57.9) 1 (50.0) 12 (57.1)
Chert
Chert is characterized by a high frequency of complete blanks (c. 53% for U/Lower
T and c. 63% for Middle T), with frequencies of cumulative c. 22% and c. 15% for
chips and shatters in the U/Lower T (Table 5.3) and Middle T (Table 5.4) phases,
respectively. Blank fragments are poorly represented comparatively to quartz, with an
absolute count of 4 elements for U/Lower T and 9 for the Middle T phase, representing
c. 9% and c. 12% of the whole chert assemblage. Although there are few cores (n=2),
retouched pieces have a relatively high frequency within chert (c. 11% on U/Lower
T and c. 7% on Middle T) but also across all materials, suggesting that chert was
preferentially used for the manufacture of formal tools.
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Regarding cortex, chert shows mostly non-cortical pieces, particularly in the Mid-
dle T group where only 0% or 1-30% cortex frequencies were detected (Figure 5.9).
The low frequencies of cortex resulted in a low rate of identification of cortex types
across the assemblage. In fact, only two pieces for U/Lower T phase allowed to track
its provenience to an outcrop source (Tables 5.11 and 5.12).
Although chert was not initially subdivided regarding its visible characteristics,
throughout the analysis, it became apparent that there were several groups with
identical colors and grains, which might have belonged to the same nodule. As such,
these groups were posteriorly individualized, adding a variable to the database called
“ChertType” which included codes for each identified type of chert (Table A.4, Ap-
pendix A).
After the classification of the chert types, it was attempted to refit the pieces in
each group, but due to the high level of modification/edge damage of each piece and
the fragmentation of the reduction sequences, no reffits were possible. Additionally,
using the spatial information of artifact distribution, each group was plotted in order
to understand any spatial restriction or relationship that could help to identify specific
clusters throughout the stratigraphy (Figure 5.8).
Most groups seem to show no particular spatial constraint or pattern when plot-
ted. The exception are RM1 and RM6 that seem to have a significant concentration
of materials, both around the 567 m of depth, which corresponds to the second spit
of what is considered the Middle T phase, matching also with the highest quantity of
chert in the whole stratigraphic sequence, and potentially indicating the isolation of
that section of the sequence as a particularly undisturbed occupation episode. Fur-
ther analyses will be, however, needed to better understand the meaning of clusters
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Figure 5.8: Lapa do Picareiro. Spatial dispersion (Z vs Y) by chert type using total
station data (contours represent a 2D Kernel density estimation).
Middle T U/Lower T











Figure 5.9: Lapa do Picareiro. Frequencies of cortex by raw material and by phase.
Chips and shatters not included
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Table 5.11: Lapa do Picareiro - U/Lower T. Frequencies of cortex type by raw
material.
Cortex attributes Quartz Chert Total
CortexType, n (%)
Cobble 3 (75.0) 0 (0.0) 5 (41.7)
Indeterminate 1 (25.0) 4 (66.7) 5 (41.7)
Outcrop 0 (0.0) 2 (33.3) 2 (16.7)
Table 5.12: Lapa do Picareiro - Middle T. Frequencies of cortex type by raw mate-
rial.
Cortex attributes Quartz Chert Other Total
CortexType, n (%)
Cobble 5 (100.0) 0 (0.0) 2 (66.7) 7 (63.6)




The core assemblage from Vale Boi totals 123 pieces, with 46 total pieces coming
from the Lower 5 levels, and 77 from the Upper 5/4E group (Tables 5.1 and 5.2).
Excluding inform cores, which were not considered here because they do not pos-
sess all the recordable attributes, there is a clear dominance of single platform cores,
for most raw materials and in both phases. Chert presents the highest variability of
core types, with high frequencies for single platform (50% for Lower 5 and 33.3% in
Upper 5/4E), but also prismatic (37.5% on Lower 5). On Upper 5/4E, there are also
opposed, pyramidal, two single platforms and other types of platforms in percentages
higher than 10%. In the Lower 5 group chert unidirectional prismatic cores are more
frequent (Figure 5.12).
This variability can be seen in Figures 5.10 and 5.11, where vectorized scar cores
from Upper 5/4E show a wider variety of scar directionalities and higher scar counts.
Comparatively, vectorized cores from Lower 5 all show unidirectional patterns, with
a general smaller scar count, thus showing somewhat more homogeneous results.
69
Chapter 5. Results
Figure 5.10: Vale Boi - Lower 5. Chert and iron oxide (upper right) cores with
vectorized scar negatives and scar directionality.




Most of the cores were used for the extraction of flakes, although blade and
bladelet scars also show relatively high frequencies associated with the exploitation
of unidirectional prismatic cores in Lower 5 and Upper 5/4E groups (Figure 5.12).
Most of the analysed core platforms are plain or cortical. On Upper 5/4E there
is a small frequency of faceted platforms on both quartz and chert (3.4% and 18.5%
respectively). Platforms width and thickness means show smaller platforms for chert
on both phases, while greywacke shows the highest means for platform measurements
(Tables B.3 and B.4, Appendix B). This pattern is similar for other measurements,



























Phase Lower 5 Upper 5/4E
Figure 5.12: Vale Boi. Interaction of core type with type of extracted products by
raw material and phase.
Regarding elongation, Figure 5.13 shows wider range and higher elongation values
for chert cores in both phases. Upper 5/4E seems to have less elongated cores in both
chert and quartz, but the t-test results indicate no significant difference between the
sets (Chert p-value = 0.5, Quartz p-value = 0.32. Other raw materials, including
greywacke, show the lower values for elongation.
Core flattening (Figure 5.13), calculated by dividing maximum width by thick-
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ness) reveals that greywacke and other raw materials show higher values, while quartz
and chert cores have similar values for both phases (Chert t-test p-value = 0.85,
Quartz t-test p-value = 0.27), with flattening median values of around 1.5, centered
in between the second and third quartiles of the distribution.
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Figure 5.13: Vale Boi. Boxplots of core elongation and flattening by raw material
and phase.
Lapa do Picareiro
A total of 7 cores were recorded on the Lapa do Picareiro assemblages, two in the
U/Lower T group (both in quartz) and five in the Middle T, of which 2 are in chert
and 2 are in quartz.
Single platform, prismatic and pyramidal cores were identified in the Middle T
group (Table B.14, Appendix B). These were mainly used to remove flakes (Figure
5.14) and only prismatic cores showed evidence for the production of mixed blanks.
Platforms tend to be unfacetted, although a small number of cores presented dihedral
platforms (2 in Middle T, in quartz and chert). The number of debitage surfaces is
greater on chert cores for the Middle T group, while quartz varies between single and
three faces (Tables B.13 and B.14, Appendix B).
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Metrically, chert has smaller mean values for all core measurements when com-
pared to other raw materials (Tables B.15 and B.16, Appendix B), showing, however,
higher elongation ratios (Figure 5.15). Regarding quartz cores, the differences be-
tween the U/Lower T phase and the Middle T phase are very obvious, with the first
group showing more elongated cores with low flattening values. However, these dif-
ferences may simply be the result of the rather small number of cores present in the















Phase Middle T U/Lower T
Figure 5.14: Lapa do Picareiro. Interaction of core type with type of extracted





























5.3.2 Core maintenance products
Core maintenance products are very scarce in the assemblages from both sites,
with a single identified piece at Lapa do Picareiro’s U/Lower T phase (a chert core
tablet), and a total of seven pieces for Vale Boi’s assemblages, of which six artifacts
come from the Upper 5/4E levels.
At Vale Boi core maintenance products are of two types, core fronts and core
tablets (Table 5.13). Most core maintenance products are on chert (n=5) with only
two quartz core tablets identified, one for each phase.
No cortex was present in the dorsal surfaces of all core maintenance products.
This pattern reveals that maintenance operations were performed at advanced stages
of the reduction sequence.
Finally, it is rather interesting the absence of crested pieces from both assem-
blages, mostly at Vale Boi, where this type of core maintenance product has been
referenced for both Solutrean and Gravettian occupations (Cascalheira 2013; Mar-
reiros 2009).
Table 5.13: Vale Boi - Upper 5/4E. Core maintenance products by raw material.
Core maintenance product Chert Quartz Total
CoreFront 3 0 3
CoreTablet 2 1 3
Total 5 1 6
5.3.3 Flakes
Vale Boi
A total of 1255 flakes were analysed from Vale Boi, 427 of those belonging to Lower
5 group, and 828 to the Upper 5/4E group. This increase was somehow expected
according to the aforementioned general intensity of occupation and material density
in the transition from one phase to the other. Although there are generally more
flakes in quartz, it is obvious the difference in ratios between chert and quartz, when
comparing Lower 5 to Upper 5/4E results.
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Morphologically, Lower 5 flakes seem to have mostly irregular shapes, with fre-
quencies over 45% for most raw materials, followed by convergent and parallel shapes
in much lower frequencies (under 15%) (Table B.5, Appendix B). Dolerite, unlike other
raw materials, shows only convergent and parallel shapes even if with low represen-
tativity (n=3). Cross sections are mostly irregular and triangular, varying slightly in
frequency regarding each raw material. All raw materials, with exception of quartz,
show high frequencies of straight profiles (over 40%), chert showing a similar percent-
age between straight and curved profiles (44.3% and 42.9% respectively). Quartz,
however, has a frequency of 65% of straight profiles, showing much smaller frequen-
cies for other types.
On Upper 5/4E (Table B.6, Appendix B), irregular shapes are still frequent,
representing over 25% on all raw materials. Convergent and parallel shapes show
higher frequencies (over 20%) for quartz, chert and dolerite. Alike Lower 5, cross
sections are mostly irregular (over 35% for most raw materials) or triangular (over
25% for all raw materials), and profile type show the same patterns and similar
percentages as Lower 5.
Unidirectional scar patterns are dominant in both phases and all raw materials,
with frequencies over 80%. Bidirectional patterns are slightly more relevant in chert
(9.3%), and also in dolerite and chalcedony during Upper 5/4E. Dorsal patterns also
show on both phases a dominance of 1, 2 and 3 scars for most raw materials, although
chert shows higher scar counts.
Flakes have mostly plain platforms, although for certain raw materials, like
quartz, there is a relevant presence of crushed platforms (33.3% for Lower 5 and
35.9% for Upper 5/4E). Faceted platforms are present in both phases but in low
frequencies, in chert for both Lower 5 (1.4%) and Upper 5/4E (2.4%), but in no
other raw material. Platforms are also mostly non-cortical (between 80% and 100%
depending on raw material) in both phases.
Blank metrics, including platform measurements, show for Lower 5 (Table B.7,
Appendix B), the smallest means in chalcedony and dolerite, followed by chert and
quartz, where greywacke mean values show bigger Flakes in this raw material. On
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Upper 5/4E (Table B.8, Appendix B), however, the smallest flakes are in chert, fol-
lowed by quartz and chalcedony, where dolerite mean values are fairly closer to those
of greywacke, thus making these the flakes with highest metric mean values. Platform
angles are fairly similar between phases, ranging the 70-80º, although the standard
deviations values are fairly high. Only dolerite flakes on Upper 5/4E seem to have
lower standard deviation values, with an angle of 90º.
Regarding elongation (Figure 5.16), quartz, chert and chalcedony show the high-
est values, although the latter raw material shows a bigger concentration of similar
elongation flakes in the third quartil, thus showing less general elongation. Despite
having similar elongation ranges in both groups, quartz shows relatively different me-
dians, on Lower 5 showing a less variability in the lower quartil, while Upper 5/4E
shows lower variability in the upper quartil, hinting at a bigger number of consistently
elongated quartz flakes in Upper 5/4E (Chert t-test p-value = 0.02, Quartz t-test p-
value = 0.09). For chert, Upper 5/4E also seems to show higher elongation values
for flakes, though once again, there is a wide range of variability within regarding





























As for flattening (Figure 5.16), quartz shows very low values for flake flattening,
compared to other raw materials. The data, however, also shows the existance of a
wide variability within each raw material, with the existance of several outliers which
fall from the statistical groupings and quartils. As such, it seems that for all raw
materials, perhaps with the exception of quartz, flake flattening is extremely variable
in the assemblage. With the exception of dolerite, there doesn’t seem to be much
difference in elongation ratios between phases (Chert t-test p-value = 0.94, Quartz
t-test p-value = 0.61)
Lapa do Picareiro
There are a total of plotted 122 flakes, 46 attributed to the U/Lower T group,
more than 50% being in quartz, and 67 attributed to the Middle T group, its vast
majority in chert. On both groups, attributes are very similar.
On the U/Lower T phase, for quartz, there seems to be the predominance of
parallel shapes (35%) (Table B.17, Appendix B), followed by convergent ones (30%).
Chert, however, shows higher percentages for irregular (28.6%) and divergent (42.9%)
shapes. Cross sections are mostly triangular for all raw materials (over 40%), although
chert also shows high frequencies of trapezoidal cross sections (42.9%). Profiles are,
for all raw materials, mostly straight (60% on quartz and 85.7% on chert) and termi-
nations show relevant raw material differences, with quartz having bigger frequencies
of feathered and hinged terminations (35% and 40% respectively) and chert having a
frequency of 42.9% on pointed terminations. For all raw materials, there is the pre-
dominance of unidirectional dorsal patterns, with high frequencies over 85%. Dorsal
scars show higher frequencies for 2 and 3 scars on quartz (35% and 40% respectively),
while other raw materials show higher frequencies for 3 dorsal scars only (42.9% on
chert).
On the Middle T phase (Table B.18, Appendix B), quartz shows higher frequen-
cies for irregular shapes (53.8%), followed by convergent ones (38.5%). Contrary to
the patterns seen on the previous group, chert shows higher frequencies for parallel
77
Chapter 5. Results
shapes (40.6%). For all raw materials, cross sections are predominantly triangular
(over 40%) with straight profiles (over 50%) and feathered terminations for chert
(40.6%), whereas quartz shows higher values for hinged terminations (46.2%) fol-
lowed by feathered (38.5%). Alike the U/Lower T group, there is the predominance
of unidirectional dorsal scar patterns (over 90% for all raw materials), with high fre-
quencies for 2 dorsal scars in quartz (61.5%) and 2-3 dorsal scars in chert (34.4%
both).
Regarding platforms, for both groups, they are mostly plain for all raw materials
(over 40%), followed by relatively high values of crushed platforms in quartz, with
the presence of 1 faceted platform for quartz and chert in each group. Chert on
the Middle T group also shows dihedral platforms (18.8%). Platforms seem to have
barely any cortex, for all raw materials in both groups.
Measurements, including platform width and thickness, show larger means for
the chert flakes (19.5 mm width and 27.3 mm length), comparatively to the quartz
ones (16.7 mm width and 21.8 mm length), for Lower 5 (Table B.19, Appendix B)
and for Upper 5/4E (Table B.20, Appendix B) (chert with 17.2 mm width and 20.9
mm length, and quartz with 13 mm width and 16.3 mm length). There also seems to
be a size difference between groups, with the U/Lower T flakes showing bigger means
(although with high standard deviation values), while Middle T means show smaller
values and smaller standard deviation values, the only constant seeming to be the
thickness of flakes on chert (5-5.3 mm), wich seem to show little variability (standard
deviations of 3.1 for the U/Lower T group and 2.3 for the Middle T group). Platform
angles are, once again, extremely variable with large standard deviation values and
fairly similar for both phases, with exception of chert, which increases from 59.6º to
76º (U/Lower T and Middle T respectively).
Regarding elongation (Figure 5.17), values between quartz and chert and even
between groups seem to be fairly similar, all with elongation ratios which seem skewed
above, thus showing less elongation variability above the 1.5 threshold (Chert t-test
p-value = 0.56, Quartz t-test p-value = 0.91).
Flake flattening, however, shows more apparent differences between raw materi-
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als, with quartz showing lower flattening ratios than chert. Within chert, however,
there also seems to be a difference in general flattening variability and interquartil
skewness, showing a larger number of flakes with similar flattening values (at around
4). Flattening seems to be higher in U/Lower T, although without much representa-





























A total of 219 elongated products were recorded in the Vale Boi’s assemblages.
82 of these blanks are from Lower 5, while 137 are from the Upper 5/4E group.
Comparatively to the whole group of blanks, there is a more significant number of
chert pieces (n=106), this number only changing in Lower 5, where quartz elongated
blank numbers (n=44) supersede chert ones (n=31). Figures 5.18 and 5.19 show the
scatterplots for width and length of elongated blanks of the two main raw materials
present at both phases identified at Vale Boi. Following the traditional subdivision
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between blade and bladelet, both charts clearly show that the main goal of the reduc-
tion sequences for elongated products were bladelets. Only in the Upper 5/4E group,















Raw Material Quartz Chert
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Testing this apparent division (artifacts wider than 12.5 mm and those with less
than 12.5 mm in width) against all other relevant morphological variables revealed,
however, no significant difference between the two groups for almost all variables
(Table 5.14).
The exception to this pattern were the tests for scar count, scar pattern and cortex
presence. In the first case, due to a more substantial presence of three scars on the
blade products and two scars on the bladelet products. In the second case because of
the higher frequency (c. 13% vs. c. 2%) of bidirectional removals on the dorsal surfaces
of blades and bladelets, respectively. Finally, in the third case, as a result of the higher
frequencies of cortical surfaces recorded for blades (c. 67%) vs. bladelets (c. 18%).
Altogether, these results seem to indicate that the difference between the two classes
is likely not related with the existence of two distinct reduction sequences but of a
single reduction sequence with cortical or partially cortical elongated products at the
beginning of core exploitation, when bidirectional strategies were used to perform
decortication and core configuration. Together with the reasonably linear positive
correlation showed by the chert tendency line displayed in Figure 5.19, the results
seem enough to do the technological description of all elongated products as a single
category.
Table 5.14: Vale Boi - Upper5/4E. Results of Fisher exact tests to evaluate whether
the distribution of technological variables differed across metric groups (blades and
bladelets) of chert elongated artifacts.
Attributes P
CrossSection, n (%) 0.24
BlankShape, n (%) 0.54
BlankTip, n (%) 0.52
PlatformType, n (%) 0.53
PlatformCortex, n (%) 0.11
Cortex, n (%) 0.001
ScarCount, n (%) 0.005
ScarPattern, n (%) 0.02
Regarding morphology, elongated blanks have mostly parallel and convergent
shapes, on both phases, although Lower 5 shows significant differences across the
different raw materials, since c. 64% of quartz has parallel shapes, whereas c. 52%
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of chert has convergent ones. Cross sections are mostly triangular, with straight and
curved profiles. Differences in profile types are rather significant between both phases,
but only for quartz artifacts. While in Lower 5, quartz elongated blanks present a
percentage of curved profiles of c. 23%, in Upper 5/4E, this percentage drops to c. 12%.
Curved and twisted profiles in bladelets are usually associated with the exploitation
of carinated cores, particularly in the Gravettian-Solutrean transition as presented by
Almeida (2000) for the Terminal Gravettian of Estremadura. Although no carinated
cores were identified in the Lower 5 assemblage, the presence of a significant number
of bladelets with curved profiles might indicate the use of such a type of reduction
strategy.
Scar patterns show an evident tendency for unidirectional knapping strategies on
all raw materials. For Lower 5, however, bidirectional scar patterns are present on 4
chert artifacts (c. 13%). Upper 5/4E shows much lower values for this type of scar
pattern, with c. 2% on quartz and c. 4% on chert. Scar count shows a tendency for
1 to 3 dorsal scars on both phases and all raw materials.
Elongated blanks on both phases seem to be obtained without platform prepa-
ration, although quartz also shows a significant presence of crushed platforms. Only
two faceted platforms were identified, in Upper 5/4E, on chert and dolerite pieces.
The general tendency for both phases is for the absence of cortical platforms. Only
chert and greywacke on Lower 5 (c. 10% and c. 17% respectively) and chert on Upper
5/4E (c. 13%) show completely cortical platforms.
Finally, elongated products metrics, including platform measurements, show a
tendency on both phases for smaller blanks on quartz, followed by chert, whereas
greywacke, dolerite and chalcedony show the biggest blanks and widest platforms.
On both phases, means for width, length and thickness for quartz and chert are
around 9 mm, 21-26 mm, and 5 mm, respectively. Higher standard deviation values
are observed for length. Despite this, chert elongated blanks seem to show means




A total of 47 elongated blanks were recorded for Lapa do Picareiro. U/Lower T
phase contains 27 in total, of which more than 50% are on chert. For the Middle T
phase, 20 elongated blanks were recorded, with also more than 50% on chert.
When plotting width and length for elongated blanks, for chert and quartz,
there seem to be two groups of different dimensions in both phases. Concerning
the U/Lower T (Figure 5.20), there is a group of smaller blanks, ranging between
2-10 mm of width and 5-25 mm of length, thus falling into the traditional category of
bladelet, and a group that although more disperse is composed mostly of chert, with
width and length ranging between 13-26 mm and 40-60 mm, respectively, and that
may be classified, according to the traditional definition, as blades.
For the Middle T (Figure 5.21), there is also a group of smaller blanks, with
widths ranging from 3 to 10 mm, and highly variable length values, ranging from
between 5 to 30 mm, from which the higher values represent mostly chert artifacts.
Even so, these pieces may be characterized through the traditional classification as
bladelets. The second group is made up entirely of chert, although it has fewer blanks
and is very disperse in terms of width (>15 mm), and length (>45 mm), and thus
classified as blades.
These patterns may represent different production strategies for specific chert
elongated blank sizes, although, given the location of the site, it might merely reflect
the truncated nature of the reduction sequences present at the site, only showing the
presence of two groups of bladelets and blades.
Tables 5.15 and 5.16 show the results of Fisher exact tests to evaluate whether the
distribution of all the relevant technological variables differed across groups of chert
artifacts. No significant statistical differences were detected in any of the technological
variables for both phases.
In fact, both blades and bladelets show a majority of parallel and convergent
edge shapes, straight and curved profiles. Dorsal scars are unidirectional on the
dorsal surfaces of all artifacts, with a majority of two previous removals for quartz
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and two to four scars for chert. Platforms are mostly plain, with no cortex (Tables









Raw Material Quartz Chert
Figure 5.20: Lapa do Picareiro - U/Lower T. Elongated product width and length











Raw Material Quartz Chert
Figure 5.21: Lapa do Picareiro - Middle T. Elongated product width and length
dispersion by raw material.
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Table 5.15: Lapa do Picareiro - U/Lower T. Results of Fisher exact tests to evaluate
whether the distribution of technological variables differed across metric groups
(blades and bladelets) of chert elongated artifacts.
Attributes P
CrossSection, n (%) 0.73
BlankShape, n (%) 0.81
BlankTip, n (%) 0.89
PlatformType, n (%) 0.14
PlatformCortex, n (%)
Cortex, n (%) 0.11
ScarCount, n (%) 0.63
ScarPattern, n (%)
Table 5.16: Lapa do Picareiro - Middle T. Results of Fisher exact tests to evaluate
whether the distribution of technological variables differed across metric groups
(blades and bladelets) of chert elongated artifacts.
Attributes P
CrossSection, n (%) 0.01
BlankShape, n (%) 1.00
BlankTip, n (%) 0.24
PlatformType, n (%) 1.00
PlatformCortex, n (%) 1.00
Cortex, n (%) 1.00




As seen before, retouched pieces make up a small percentage of the assemblage,
with 167 identified pieces, from which 55 can be inserted in the Lower 5 group (Table
5.1), while 112 in the Upper 5/4E group (Table 5.2).
Lower 5 is comprised of several types, from which a few stand out by their high
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numbers, such as retouched flakes, corresponding to c. 27% of all retouched pieces,
splintered pieces, with c. 25% of representativity, followed by notches with a fre-
quency of 12.7%, the latter two occurring in similar numbers in chert (n=6 and n=4,
respectively) and quartz (n=8 and n=3) (Table 5.17).
There is also the presence of endscrapers (c. 10%) and burins (c. 7%), mostly on
chert.
For Upper 5/4E, splintered pieces are still very frequent (c. 24%), in both chert
and quartz, followed by endscrapers, which represent c. 22% of the total retouched
pieces assemblage. Most of the endscapers are chert, although it may be relevant to
point out that two of them are made of dolerite. Notches are, once again, the third
most frequent retouched typology, representing c. 12%. Every other retouched tool
type has frequencies under 10% (Table 5.18).
Upper 5/4E thus shows not only a more significant number of retouched pieces,
which might be the result of a more intensive occupation or series of occupations but
also a wider variety of types, probably as a result of a more diverse set of activities
occurring at the site. While Lower 5 shows 11 different retouched piece types, Upper
5/4E shows 15 types, introducing six new different types.
One of these newly introduced retouched types is the Vale Comprido point, al-
though only representing c. 5% of retouched pieces for Upper 5/4E. As mentioned
before, Vale Comprido points have been identified as a Proto-Solutrean only techno-
logical solution, which seems to appear during the Proto-Solutrean in the Two-phase
and Three-phase model. Thus, its presence in Upper 5/4E not only conforms to the
data already presented for the Portuguese Estremadura (Zilhão 1997), and it further
strengthens the separation of the two defined phases as two discrete temporal and
cultural occupation horizons.
The analysed Vale Comprido points have been identified in chert (n=1), greywacke
(n=1), dolerite (n=3) and chalcedony (n=1, which makes up 100% of retouched pieces
made in this raw material). In fact, dolerite had already been identified as a preferred
means for making these products (Marreiros 2009), a fact only strengthened by the
fact this raw material has more Vale Comprido points than any other and only appears
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in one other typology: endscrapers. Comparatively, dolerite does not seem to be used


























Endscraper 0 0% 4 10.53% 0 0% 1 100% 5 9.09%
Dihedral Burin 1 6.67% 3 7.89% 0 0% 0 0% 4 7.27%
Burin on truncation 0 0% 2 5.26% 0 0% 0 0% 2 3.64%
Truncation 0 0% 1 2.63% 0 0% 0 0% 1 1.82%
Notch 3 20% 4 10.53% 0 0% 0 0% 7 12.73%
Denticulate 0 0% 2 5.26% 0 0% 0 0% 2 3.64%
Splintered piece 8 53.33% 6 15.79% 0 0% 0 0% 14 25.45%
Double backed bladelet 0 0% 2 5.26% 0 0% 0 0% 2 3.64%
Retouched blade 0 0% 1 2.63% 0 0% 0 0% 1 1.82%
Retouched bladelet 0 0% 2 5.26% 0 0% 0 0% 2 3.64%
Retouched flake 3 20% 11 28.95% 1 100% 0 0% 15 27.27%



























Endscraper 2 5.88% 21 30% 0 0% 2 40% 0 0% 25 22.32%
Carinated endscraper 0 0% 2 2.86% 1 50% 0 0% 0 0% 3 2.68%
Perforator-endscraper 0 0% 1 1.43% 0 0% 0 0% 0 0% 1 0.89%
Perforator 0 0% 1 1.43% 0 0% 0 0% 0 0% 1 0.89%
Dihedral Burin 2 5.88% 4 5.71% 0 0% 0 0% 0 0% 6 5.36%
Burin on truncation 0 0% 4 5.71% 0 0% 0 0% 0 0% 4 3.57%
Truncation 0 0% 4 5.71% 0 0% 0 0% 0 0% 4 3.57%
Vale Comprido Point 0 0% 1 1.43% 1 50% 3 60% 1 100% 6 5.36%
Notch 10 29.41% 3 4.29% 0 0% 0 0% 0 0% 13 11.61%
Denticulate 1 2.94% 2 2.86% 0 0% 0 0% 0 0% 3 2.68%
Splintered piece 15 44.12% 12 17.14% 0 0% 0 0% 0 0% 27 24.11%
Backed bladelet 0 0% 1 1.43% 0 0% 0 0% 0 0% 1 0.89%
Backed bladelet parcial 0 0% 1 1.43% 0 0% 0 0% 0 0% 1 0.89%
Retouched blade 0 0% 2 2.86% 0 0% 0 0% 0 0% 2 1.79%
Retouched bladelet 0 0% 5 7.14% 0 0% 0 0% 0 0% 5 4.46%
Retouched flake 4 11.76% 6 8.57% 0 0% 0 0% 0 0% 10 8.93%




The total number of retouched pieces from Lapa do Picareiro with spatial infor-
mation, allowing the identification of phase is 11, of which 6 belong to the U/Lower
T group and 5 to the Middle T group.
The analysis of retouched pieces at Lapa do Picareiro is, however, possibly trun-
cated by the edge damage of the assemblage. In all levels, many pieces, both quartz,
and chert, although in larger quantities in the latter, show variable degrees of edge
damage, from light to extensive. Although some edges were damaged by either tram-
pling or impact of clasts coming from roof collapsing, since there was no homogeneity
in its distribution or directionality, some other edges show dubious marks. As such,
the present study opted for a more reserved approach regarding the classification of
retouch, understanding the caveats of the decision. Thus, retouched pieces, especially
the retouched flakes, were only identified as such whenever they displayed homoge-
neous, localized and unidirectional retouch, which could not be mistaken for edge
damage.
As seen in Table 5.19, the U/Lower T shows four types of retouched piece types,
the most present being the retouched flakes (n=3) all in chert, and the only quartz
retouched piece is a splintered piece.
For the Middle T group (Table 5.20), there is a smaller variety of retouched
pieces, all in chert: a notch, two retouched flakes, one truncation, and possibly a Vale
Comprido point, although the thinning retouch at the platform questionable.
Table 5.19: Lapa do Picareiro - U/Lower T. Retouched piece typology by raw
material.
Typology Quartz (n) Quartz (%) Chert (n) Chert (%) Total Total (%)
Dihedral angle burin 0 0% 1 20% 1 16.67%
Notch 0 0% 1 20% 1 16.67%
Splintered piece 1 100% 0 0% 1 16.67%
Retouched flake 0 0% 3 60% 3 50%
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Table 5.20: Lapa do Picareiro - Middle T. Retouched piece typology by raw material.
Typology Chert (n) Chert (%) Total
Concave truncation 1 20% 1
Vale Comprido point (?) 1 20% 1
Notch 1 20% 1
Retouched flake 2 40% 2
5.3.6 Vale Comprido technology
Throughout the analysis, some blanks, both in Vale Boi and Lapa do Picareiro,
have been identified possibly as the result of Vale Comprido technology. These types
of blanks have been identified in the Estremadura, as part of a specific reduction
sequence with the end goal of producing convergent elongated flakes or blades, often
characterized by plain platforms and unidirectional dorsal patterns (Zilhão 1997).
Values referring to Vale Comprido points in Vale Boi include not only the points
from units H, I and J from the Terrace. For this part of the study, all Vale Comprido
points found in Vale Boi were analysed (Figures 5.22 and 5.23).
In Vale Boi (Table 5.23, these blanks seem to be equally flakes and blades (50%),
a pattern closely followed by the points (46.7% elongated blanks and 53.3% flakes).
Blank attributes seem relatively similar, with high frequencies of straight profiles
(66.7%), triangular cross sections (66.7%) and plain platforms (83.3%). Regarding
shape, Vale Boi shows equal percentages of convergent and parallel shapes. The
points show similar patterns, with differences in blank shape with 86.7% of convergent
shapes, and cross section with 53.3% of trapezoidal types and 46.7% of triangular
types.
Lapa do Picareiro blanks (Figure 5.24) which have similarities to Vale Comprido
technology show the same patterns as Vale Boi, without with less variability (Table
5.21). As such, blanks are all elongated products, with straight profiles and plain
platforms. Regarding shape, 40% are convergent and 60% parallel. The majority of
these pieces have triangular cross sections (80%) with 1 trapezoidal cross section.
Regarding measurements, Vale Boi (both blanks and points, Table 5.23 and Lapa
do Picareiro, Table 5.22) seem to show fairly similar results, where the only rele-
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vantly differing values seem to be the length, flattening (mesial width/thickness) and
platform flattening (platform width/platform thickness).
Although length for Vale Boi shows high standard deviation values, it seems that
blanks have smaller lengths compared to both points and Lapa do Picareiro blanks.
From these, Lapa do Picareiro shows the highest values for length (5.20 mm).
The same seems to happen for flattening, where Lapa do Picareiro has a flattening
ratio of nearly 4, comparared to Vale Boi’s points (3.05) and blanks (3.77 although
having high standard deviation values). Platform flattening is also higher for Lapa
do Picareiro (2.85).
Table 5.21: Lapa do Picareiro - Middle T. Technological attributes from blanks
with similarities to Vale Comprido technology.













Table 5.22: Lapa do Picareiro - Middle T. Mean and standard deviation for mea-
surements from blanks with similarities to Vale Comprido technology.
Variable Blank technology (n=5)
WidthCM, M (SD) 1.99 (0.64)
LengthCM, M (SD) 5.20 (1.39)
FlatteningCM, M (SD) 3.97 (0.59)
PlatformWidthCM, M (SD) 1.42 (0.32)
PlatformThicknessCM, M (SD) 0.54 (0.23)
PlatformFlatteningCM, M (SD) 2.85 (0.71)
PlatformArea, M (SD) 0.82 (0.44)
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Table 5.23: Vale Boi - Upper 5/4E. Vale Comprido blank and points attributes and
measurement means by raw material.
Attributes Blank Points Overall
BlankType, n (%)
ElongatedProd 3 (50.0) 7 (46.7) 10 (47.6)
Flake 3 (50.0) 8 (53.3) 11 (52.4)
BlankShape, n (%)
Convergent 2 (33.3) 13 (86.7) 15 (71.4)
Irregular 2 (33.3) 0 (0.0) 2 (9.5)
Parallel 2 (33.3) 2 (13.3) 4 (19.0)
Profile, n (%)
Curved 1 (16.7) 1 (6.7) 2 (9.5)
Straight 4 (66.7) 14 (93.3) 18 (85.7)
Twisted 1 (16.7) 0 (0.0) 1 (4.8)
CrossSection, n (%)
Lenticular 1 (16.7) 0 (0.0) 1 (4.8)
Trapezoidal 1 (16.7) 8 (53.3) 9 (42.9)
Triangular 4 (66.7) 7 (46.7) 11 (52.4)
PlatformType, n (%)
Crushed 0 (0.0) 1 (6.7) 1 (4.8)
Dihedral 1 (16.7) 0 (0.0) 1 (4.8)
Faceted 0 (0.0) 1 (6.7) 1 (4.8)
Plain 5 (83.3) 13 (86.7) 18 (85.7)
WidthCM, M (SD) 1.75 (0.61) 1.87 (0.43) 1.83 (0.47)
LengthCM, M (SD) 3.78 (1.25) 4.10 (1.28) 4.01 (1.25)
FlatteningCM, M (SD) 3.77 (1.30) 3.05 (0.68) 3.25 (0.93)
PlatformWidthCM, M (SD) 1.42 (0.39) 1.32 (0.38) 1.35 (0.37)
PlatformThicknessCM, M (SD) 0.62 (0.24) 0.56 (0.16) 0.58 (0.18)
PlatformFlatteningCM, M (SD) 2.51 (0.79) 2.45 (0.65) 2.47 (0.67)
PlatformArea, M (SD) 0.94 (0.51) 0.78 (0.43) 0.82 (0.45)
Figure 5.22: Vale Boi - Vale Comprido points in dolerite, chert and chalcedony.
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Figure 5.23: Vale Boi - Vale Comprido points in dolerite.





The primary goal of this study was to better understand the technological orga-
nization at the onset of the LGM in westermost Europe, when the climatic conditions
became abruptly harsh due to the HE 2.
To do so, assemblages from the archaeological sites of Vale Boi and Lapa do
Picareiro, which had been previously attributed to the Gravettian-Solutrean tran-
sition, were described and characterized. Different scales of analysis are important
to evaluate the techno-cultural dynamics at both sites. The current chapter first
describes intra-site specific patterns, critically evaluating the differences and similar-
ities between the chrono-cultural phases identified; it then presents a comparison of
the general patterns emerging from both sites; and, finally, the results are integrated
in what is already known for the Central Portugal, as an attempt of testing and
improving the existing models.
The two phases identified in Vale Boi, Lower 5 and Upper 5/4E, show essen-
tially the same technological patterns, characterized by the exploitation of simple or
prismatic cores, with plain platforms and the use of unidirectional strategies for the
production of bladelets and flakes.
The differences between the two groups are essentially in raw material frequency
and the presence of elements related to the production of Vale Comprido points and
blanks. Raw material frequency differences happen mainly between quartz and chert.
In Lower 5 a frequency of quartz higher than 50% is attested, which lowers to 30% on
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Upper 5/4E, where chert becomes the dominant raw material. The presence of quartz
across the Terrace sequence of Vale Boi was highlited in previous works (Marreiros
2009), and contrasts significantly with the results for other areas and chronologies of
the site, such as the Solutrean occupations in the rockshelter, where quartz knapped
materials do not reach more than 25% of the whole assemblage (Cascalheira 2010).
While this difference could be related to the functional nature of each loci, the high
presence of quartz (c. 40%) also attested for the madgalenian occupation in the rock-
shelter area (Mendonça 2009) seems to indicate that quartz fluctuation may be a
result of cultural preferences over time.
What is rather interesting from the results presented before is that similar reduc-
tion strategies seem to have been used for both quartz and chert.
The aforementioned differing frequencies between quartz and chert can also be
identified at Lapa do Picareiro. Level U/Lower T is characterized by high percentages
of quartz (mainly for the production of bladelets), whereas Middle T shows a higher
frequency of chert blanks. Although quartz bladelets are still present in Middle T,
these are not the predominant blanks in the group.
Like at Vale Boi, Lapa do Picareiro also shows similar technological patterns
between groups, following the attributes already described: plain platforms, unidi-
rectional strategies through prismatic cores, presence of a large frequency of bladelets,
most of which are in quartz in U/Lower T. However, the presence of blades seems rel-
atively stable in both groups, which might not be the result of production preferences
or reduction sequences, but rather site functionality.
Such aspects as the high exploitation of quartz and application of similar reduc-
tion strategies to both chert and quartz can be integrated in a perspective of cultural
diversification and techno-economical intensification as suggested elsewhere (Cascal-
heira & Bicho 2013). For the Gravettian-Solutrean transition these patterns have been
interpreted as preferences resulting from tradition, more than technical or economic
reasons (Almeida 2006). This interpretation stems from the understanding that, for
the Estremadura, there is not a lack of good quality chert (Zilhão 1997a) since, even
during times when quartz was highly used, chert continued to frequently appear in the
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archaeological record as a preference for formal tool production (Almeida 2006). The
same seems to apply for Vale Boi and Lapa do Picareiro, where the assemblages of
both phases show the existence of fairly good quality chert, that was used to produce
a great majority of the retouched tools.
Consequently, when framing the transition as occuring during an abrupt climate
event and at the onset of global environmental transformations, these patterns and
preferences may be better explained by growing pressures in the cultural system, and
the ability for such a system to cope by expanding the economical options. This
may have been achieved using a previously secondary raw material, present in close
proximity to the site (even if ranging between coarse to fine quality) as a primary
one.
Understanding the Proto-Solutrean transition as a Three-phase model, and thus
separating the Terminal Gravettian from the Proto-Solutrean, also separating quartz
use from very frequent to frequent, forces us to admit that this technological diver-
sification happened only in a “short” moment before the Solutrean. This may be
explained through the Panarchy framework (Holling 2001) and RRM (Bradtmöller et
al. 2012). In this framework, moments of higher climatic instability provoke system
breakdowns. In this case, such breakdown may be seen through the different raw
material use and procurement choices, which correspond to a moment of rapid reor-
ganization and recombination which lead to innovations. These innovations, however,
are tested, used and, while some fail and disappear, others survive and adapt, start-
ing the loop once again. As such, the rapid climatic changes brought by the HE 2 at
the onset of LGM may have triggered weaknesses in the previous economic system,
forcing the hunter-gatherer communities to expand their technology to the use of raw
materials such as quartz. This may have been an innovative response, which was
highly used during the Terminal Gravettian, following a progressive reduction during
the Proto-Solutrean. Finally, its failure and adaptation led to a new raw material
use and procurement system during the Solutrean, where quartz is, once again a
secondary raw material, initiating a new cycle.
The same model may be applied to another raw material in the Vale Boi’s archae-
97
Chapter 6. Discussion
ological record which only appears in the Proto-Solutrean levels, which is dolerite.
Thus, using the panarchy framework, dolerite may be an innovative response in the
upper occupational phase to system breakdowns onset by climatic pressures and eco-
logical changes. However, this response may have failed, thus disappearing from the
archaeological record during the following Solutrean levels. However, the failure of
this raw material may be related to the failure of a technology for which it was pref-
erentially used, as are the Vale Comprido points, which fits equally in the model,
and during the same phase. On the other hand, the presence of dolerite at Vale Boi
might also be explained by either changes in the visibility of raw material sources at
the onset of the LGM (see Pereira and Benedetti 2013 for a model of raw material
management as a response to environmental constraints), or the presence of different
influences at the site, either through its occupation by different populations (Pereira
et al. 2016) or as a result of an expansion of social networks and consequent ex-
change of knowledge and materials (as suggested by Marreiros 2009 and Cascalheira
et al. 2012). Both of these alternative options are, however, always connected with
changes in the human ecodynamics as a result of environmental and climatic change.
The group specific patterns, which seem to set the differences between the two
phases, allowed the identification of homologous phases at Lapa do Picareiro and
Vale Boi, which seem to correlate well with the patterns already identified in the
Portuguese Estremadura.
In fact, the technological and raw material patterns observed in both U/Lower
T and Lower 5 seem to correspond to the Terminal Gravettian as described for Cen-
tral Portugal (Almeida 2000). Perhaps one of the most striking differences between
both Vale Boi and Lapa do Picareiro assemblages and the other Terminal Gravettian
sites, is the notourious lack of carinated elements. These have been described as a
dominant element in the tool kits, serving as core for bladelets (Almeida 2000; Zilhão
1997a). In fact, in neither levels U/Lower T nor Lower 5 carinated elements have
been identified, although the presence of curved bladelets may indicate the use of
this reduction sequence in both sites. Their absence may be either explained through
site functionality (given the high altitude location of Picareiro and the rather sparse
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occupation at Vale Boi) or exportation of those carinated elements, since the bladelet
component, primarily in quartz, seems to be present in high frequencies, without a
clearly associated core type.
Likewise, the Middle T horizon from Lapa do Picareiro and Upper 5/4E phase
from Vale Boi seem to follow homologous shifts in raw material frequency, which
correlate to the third stage of the Three-phase model, where there seems to be a
decrease in quartz, although many technological patterns remain the same (Zilhão
1997a). The presence of Vale Comprido technology in Vale Boi strengthens further
this association, since Vale Comprido reduction strategies do not seem be present in
Terminal Gravettian assemblages (Almeida 2000), but are found in high numbers in
other sites, likely dated to the transition, without a strong Aurignacian V component.
Notwithstanding, despite the technological and raw material similarities between
Lapa do Picareiro and Vale Boi in the more recent phase, the identification of the
blade products in Middle T as part of a Vale Comprido technology is more problematic
(see Haws et al., 2019). The identified pieces do reveal the presence of convergent
edge shapes, mostly with plain platforms and with unidirectional dorsal scars. Yet,
there are sufficient morphological differences, between Middle T’s blanks and Upper
5/4E’s Vale Comprido points, to question the identification of these products from
Lapa do Picareiro as part of a Vale Comprido technological strategy.
To further explore and understand this variation, below is presented a comparison
of the morphological data from Vale Comprido technology with that of unretouched
blades coming from other sites in the Portuguese Estremadura, either from the same
assumed chronology, such as the site of Vale Comprido - Encosta, or attributed to
preceding and succeeding chronologies, such as Casal do Felipe and Vale de Porcos
(Gravettian), Casal do Cepo and Vale Almoinha (Solutrean). The comparisons are
presented in Figure 6.1 to 6.4, following the comparisons showed by Zilhão (1997a)
and Zilhão & Aubry (1995), which use metrical and morphological attributes. Since
the data available from those publications is restricted to the means and standard




Elongation means (Figure 6.1) of points and blades show similar ratios across
all assemblages. The exception seems to be the Vale Comprido points for both Vale
Boi and Vale Comprido - Encosta, presenting in average low elongation values, when
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Figure 6.1: Blades, points a face plane and Vale Comprido points elongation (in
cm) by site.
Regarding flattening (mesial width/thickness - Figure 6.2) there seems to be a
group of sites with smaller values, and thus with blades and points which are less
flat: Vale Boi, Vale Comprido – encosta and Vale de Porcos. This seems to be in
concordance with the already established patterns for Proto-Solutrean assemblages,
where the production strategies seem to focus thick blanks which are then thinned at
the platform.
However, it is possible to notice the association between the Lapa do Picareiro
blanks with assemblages with a point à face plane component, with blades and points
with higher levels of flattening, thus showing that the Vale Comprido blades show
some morphological differences in the flattening ratios from Vale Boi and Vale Com-
prido – encosta, both with Proto-Solutrean assemblages.
A different pattern can be observed for platform flattening means (Figure 6.3),
where, despite the large standard deviations presented for the materials of Lapa do
Picareiro, it seems that those blanks are more similar to the ones from Vale Boi
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and Vale Comprido – Encosta. Using this metric variable, both Casal do Felipe
and Vale de Porcos show, in average, higher values for platform flattening than the
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Figure 6.3: Blades and Vale Comprido points platform flattening (in cm) by site.
Finally, an analysis to the percentage of covergent edges in the assemblages is
presented in Figure 6.4. This variable is one of the important factors in Vale Comprido
technology, since that “the triangular geometry of the debitage surface is formed by
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the detachment of core edge removals with an oblique orientation (. . . ) [and] these
removals determine the convergence of the predetermined blank removed from the
centre of the debitage surface” (Renard 2011, 730). There is a significant similarity
in the percentage of convergent edges between Lapa do Picareiro, Vale Boi (blades)
and Vale Comprido – encosta (blades). The blanks from these sites show the highest
percentages of convergent edges (always above 25%) from all the groups considered,
only surpassed by the values from Vale Comprido points, which reach 100% in Vale






































































Figure 6.4: Blades and Vale Comprido points edge convergence by site.
In brief, it seems that only some of the analysed indicators are good for under-
standing the technological nature of the Lapa do Picareiro Middle T blanks. All
assemblages seem to have a wide variability regarding metrical attributes, which cre-
ates difficulties in understanding specific groups based on the means of those variables.
This is especially noticeable with the elongation ratio average values, which do not
show clear differences between the blade assemblages from the different technocom-
plexes.
From all of the attributes analysed, it was the frequency of convergent edges that
showed the biggest differences between the Proto-Solutrean assemblages and Lapa do
102
Picareiro, against the other assemblages with lesser percentages of convergent edges.
Despite this similarity, Lapa do Picareiro, especially within the flattening ratios,
showed values which were closer to those from the sSolutrean assemblages, with less
robust blades than those from Vale Boi and Vale Comprido – Encosta.
These differences, along with the ambiguity in classifying Middle T’s chert blades
as part of a Vale Comprido strategy, for the similarities with the type but lack of
defining characteristics such as the thickness of the platform or of the blank, and the
fairly late chronology attributed to Middle T in Lapa do Picareiro (see below), are
clearly not enough to determine this assemblage as Proto-Solutrean, as traditionally
defined. Alternatively, and given the mix of similarities between Lapa do Picareiro
blades with both Proto-Solutrean and Solutrean elongated blanks, the assemblage of
Middle T could be classified as a “transitional” assemblage, chronologically located
somewhere between the Proto-Solutrean and the Middle Solutrean of the Portuguese
Estremadura. Alternatively, given the location and consequent functional character-
istics of Lapa do Picareiro, the blade component of Middle T phase may represent a
truncated Proto-Solutrean assemblage, showing only the presence of a specific reduc-
tion sequence for elongated blanks, identified by Zilhão (1997a), but also by Renard
(2011) at the site of Marseillon (Landes, France) that suggests that “a few proximal
fragments of small regular blades with a straight profile suggest the existence of a
secondary and autonomous production scheme [. . . ] realized with direct soft organic
hammer percussion” (p. 731).
As seen on Chapter 2, the Proto-Solutrean has been explained as a transitional
phase model based on the technological characteristics of specific assemblages in the
Portuguese Estremadura, set by a rather small set of radiocarbon dates coming from
some of the sites. When comparing those dates with those obtained in Vale Boi and
Lapa do Picareiro, it seems apparent that what looked like a streamlined range for
the Estremadura results (consequence of the rather small amount of dates for sites
with Vale Comprido technology) is, in fact, less smooth.
Figure 6.5 shows all radiocarbon dates first presented in Chapter 2 (Table 2.2).
For Vale Boi and Lapa do Picareiro, there seem to be two groups of dates: a group
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of older dates, at around 27 ka cal BP for Lapa do Picareiro and 26 ka cal BP for
Vale Boi; and a second group of younger dates, starting in Vale Boi and Estremadura
at around 25 ka cal BP. The latter seems to extend into younger dates at Lapa do
Picareiro. All the Estremadura dates seem to either overlap with the older date for
Vale Boi or fits in between the two groups.
Observing this information, it seems obvious that there is a well-defined moment
at c. 26 and c. 25.5 ka cal BP in the Estremadura and Vale Boi (Lower 5), correspond-
ing well with the start of the HE 2 (Cascalheira & Bicho 2013). Some dates from
the Estremadura seem to fall out of the HE 2, although this may be explained by
the high standard deviations, with exception from the oldest date from Lagar Velho
(Zilhão and Trinkaus 2002).
The second phase seems to happen around 25 ka cal BP, reaching close to 24
ka cal BP, in Vale Boi (upper 5/4E), Lapa do Picareiro (middle T) and Alecriam
(excluding, once again, the three dates which show high standard deviations from
Lagar Velho, Anecrial and CPM III Inferior). When observing Figure 6.5, Lapa do
Picareiro’s dates for Middle T do not seem to be as isolated from Vale Boi’s Upper
5/4E. It is, however, true that while Vale Boi’s dates peak is centered in the second
half of the HE 2, Middle T dates seem to extended to the 24 ka cal BP mark.
Thus, these two groups of dates, combined with the differences in technology and
raw material use, reflect discrete phases within the Gravettian-Solutrean transition
models. As such, the older group of dates, concomitant with high use of quartz, may
be representative of a Terminal Gravettian moment. The younger group, accompanied
by a decrease in quartz and the emergence of Vale Comprido points at Vale Boi,
represent a Proto-Solutrean occupation.
This interpretation, however, has some problems which lack a viable solution.
The problem lies in the nonexistance of a higher resolution method for dating, which
does not allow for the understanding of smaller scale chronological changes (Zilhão
2013). This, allied with various context and stratigraphic problems, hampers any
chronological interpretation and organization.
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Figure 6.5: Comparison of the summed probability of radiocarbon dates from each
studied archaeological context with the individual results from sites located in the
Portuguese Estremadura and attributed to the Gravettian-Solutrean transition (Zil-
hão 1997a). The summed probabilities are calculated based on the individual mod-
eled dates of the Bayesian approach used in Chapter 3. All calibrations were done
using IntCal13 and Marine13, in OxCal 4.1.7 online (Reimer et al. 2013).
Even so, it is possible to understand some curious temporal particularities (Figure
6.5). U/Lower T from Lapa do Picareiro, corresponding to the patterns for the
Terminal Gravettian (Almeida 2000), seems to occur at much older dates than other
sites, although some sites show some probability of overlapping (such as the case of
Lagar Velho). However, U/Lower T is the only context which at a two sigma probably
falls completely out of the HE 2 time period. This may question the dominant use of
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quartz as an environmental response.
Furthermore, Lapa do Picareiro shows an obvious occupational gap of around two
thousand years, with both phases marked by raw material use differences, but similar
technological patterns, making viable that some cultural continuity occurs despite
the cave was not in use (or perhaps a different area of the site is being used) during
tha temporal gap which roughly corresponds to the first half of the HE 2.
Another particularity is the concomitance of Vale Boi’s dates (Lower 5) with other
sites. It would be expected that Vale Boi either showed different chronologies and
technological patterns from those observed in other sites, since it appears isolated
from the cluster at Estremadura due to the geographic distance, as has been noted
in the gravettian horizons (Marreiros 2009). Instead, what we find is a high level of
similarity. This seems to corroborate the idea that the Terminal Gravettian/Proto-
Solutrean was a moment of expansion of social networks, thus leading to a higher
degree of homogeneity within assemblages throughout the territory (Cascalheira &
Bicho 2013) which occurred simultaneously. This seems to be the case for other sites
outside of the Iberian Peninsula as well, where Proto-Solutrean assemblages have
been recognized with similar techno-typological characteristics as those identified in
the Estremadura (Renard 2011). Once again, understanding the Proto-Solutrean as
a moment of cultural breakage onset by abrupt harsh environmental conditions, the
expansion of these networks and spread of the same techno-economic solutions across
a larger territory may have functioned as a new adaptative behavior (Cascalheira &
Bicho 2013).
At Lapa do Picareiro, alongside the technological differences and nonexistence
of a Vale Comprido technology, there is also the association of Middle T with dates
of around 24 ka cal BP. Although they seem to roughly match those of Vale Boi
Upper 5/4E, it is true that the summed probability results also extend that phase
into slightly younger dates. As such, it may be possible to understand the previously
referred techno-typological and chronological characteristics of Middle T of Lapa do
Picareiro, not as the result of a Proto-Solutrean occupation, but perhaps as a suc-
ceeding moment of the transition. This stage might correspond (but not necessarily)
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to the Lower Solutrean phase presented by Zilhão (1997a; 1994; 2013), for which no
other sites in Portugal are currently known. This stage would be characterized by
flatter/thinner blanks and technology, alike those to be expected in early Solutrean
technology (Renard 2011), but also resembling Vale Comprido technology in what
concerns to certain blank morphology indicators.
Still, the blades from Middle T may be alternatively understood as a product of
a reduction sequence for the production of blades with thinner platforms, which has
been identified in association with the Vale Comprido strategies in Vale Comprido
- Encosta (Zilhão 1997a). In favor of this argument is the fact that the Middle T
assemblage does not show specific characteristics of the Solutrean technocomplex,
such as the presence of the typical flat invasive retouch, present in other regions right
from the early stages of the technocomplex (Renard 2011).
Despite the uncertainty of this attribution, the technological data obtained from
this study and its correlation with the available radiocarbon dates seems to show that
there are, in fact, two phases within the transition between the Final Gravettian and
Solutrean (more obviously so at Lapa do Picareiro and Vale Boi).
Instead of understanding the Terminal Gravettian as a functional facies, in both
Vale Boi and Lapa do Picareiro, this cultural horizon seems to have chronological
significance, indicating that the model which best applies, not only for the Portuguese
Estremadura (as suggested by Almeida 2000), but also for the south of Portugal, is
the Three-phase model. Here, the evolution from the Terminal Gravettian to the
Proto-Solutrean is best explained not by overall technological changes, but by raw
material frequency shifts and the addition of a reduction sequence, which brings an





Phases U/Lower T and Middle T from Lapa do Picareiro and Levels 5 and 4E
from Vale Boi have allowed the expansion of our understading on the Terminal Gravet-
tian and Proto-Solutrean cultural horizons, not only testing the existing evolutionary
models, as well as extending the geographical range of these technocomplexes in Por-
tugal.
As such, through the data obtained from these two sites, both recently excavated,
with resource to the most advanced field methods, and for which a contextualized set
of radiocarbon dates are available, the present study has reached 4 main conclusions,
each responding to the goals defined in Chapter 1:
• Technological patterns are similar in the analysed assemblages, dominated
by reduction sequences focused on the obtention of elongated blanks (mostly
bladelets for Lower 5 and U/Lower T) and flakes, though prismatic cores,
with little platform preparation and with resource to unidirectional strategies.
These strategies are equally applied to chert and quartz.
• Differences between phases within each site are mostly explained by differences
in raw material use and presence of Vale Comprido technology. In a first phase,
quartz is used in high frequencies mainly for the production of bladelets and
flakes, reducing in frequency in posterior moments. Vale Comprido technology
seems to be an innovation in the second moment.
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• This first phase (U/Lower T and Lower 5), corresponding to a Terminal Gravet-
tian occupation, seems to occur around 27-26 ka cal BP (at Lapa do Picareiro
and Vale Boi, respectively). The second phase (Upper 5/4E and Middle T)
occurs around 25.5 ka cal BP, corresponding to the Proto-Solutrean, undoubt-
edly in the case of Vale Boi and with some reservations in the case of Lapa do
Picareiro (see Chapter 6 and below). The technological and raw material pat-
terns correlated with the absolute chronology and separation of the stratigraphic
contexts show that the Three-phase model seems to apply best to sites in the
Estremadura and the south of Portugal. Consequently, the Terminal Gravet-
tian is likely not a functional facies of the Proto-Solutrean, but an independent
cultural horizon (as already suggested by Almeida 2000).
• Middle T from Lapa do Picareiro shows a horizon with technological similarities
with the Proto-Solutrean, but without a typical Vale Comprido technology, hav-
ing instead similar blanks with some resemblances to Middle Solutrean blanks
and points. Radiocarbon dates place this occupation extending to more re-
cent chronologies than other sites, while keeping some chronological overlap
with Proto-Solutrean occupations in the Estremadura and southern Portugal.
This pattern, in turn, offers two alternative hypothesis: 1) it represents a Proto-
Solutrean occupation, happening until younger dates than other sites, but with-
out typical Vale Comprido technology due to functional specifities of the site; 2)
it corresponds to an Early Solutrean occupation of transitional characteristics
with similarities to Proto-Solutrean and Middle Solutrean tools, a horizon so
far not identified in Portugal.
The latter is still rather inconclusive, needing further studies to understand the
particularities of this industry at Lapa do Picareiro and its representation in other
sites of the Portuguese Estremadura. This may be achieved through the analysis of,
not only Vale Comprido technology using a more complete set of morpho-metrical data
(avoiding as much as possible subjective typological attributions), but also through
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the analysis of blade reduction schemes for the sites dated to the transition, as well
as Middle Solutrean blanks and pointes à face plan production.
Assessing these patterns is important to understand a link that seems to be miss-
ing in the Upper Paleolithic in Portugal and that connects the Proto-Solutrean to
the Solutrean, further building onto the existing models for the Gravettian-Solutrean
transition. Still, it should be kept in mind that the lack of chronological resolution
from most of the currently available radiocarbon dates, as well as the contextual
problems of most of the sites attributed to the transition, hampers the identification
of small chronological differences and of rapid cultural changes in the archaeological
record.
Furthermore, in the future, it seems important to understand the presence of
dolerite in Vale Boi. Given the now known internal characteristics of this raw material,
it may be interesting to test its actual nonexistence in the other occupations in the
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Table A.1: Lapa do Picareiro identified layers with sediment description and asso-






Sediment description a, b, c Lithic assemblage
1 D 0.87–1.12 Brown (10YR5/3) Medium clasts in very muddy matrix, friable to slightly





Small to medium clasts in very muddy matrix, friable to
slightly hard, abundant charcoal and bone fragments,
chalky appearance
Late Magdalenian
F 1.86–2.17 Dark grayish brown
(10YR4/2)
Medium to large clasts with little fine sediment, loose,
muddy dark brown lenses with abundant charcoal and
bone fragments
Late Magdalenian
I 2.17–2.37 Light yellowish
brown (10YR6/4)
Large to very large clasts with very little fine sediment,
loose to friable, few bones
Late Magdalenian
J 2.37–2.55 Yellowish brown
(10YR5/4)
Medium to large clasts with very little fine sediment,
loose, few bones
Late Magdalenian
2 K 2.55–2.75 Strong brown
(7.5YR5/6)
Small clasts, friable, few bones Early Magdalenian
L 2.75–3.13 Strong brown
(7.5YR5/6)
Small to medium clasts in muddy matrix, friable to
slightly hard, few bones and fragments, few boulders up
to 100<U+2009>cm
Early Magdalenian
M 3.13–3.19 Strong brown
(7.5YR5/6)
Very small clasts in muddy matrix, friable None
N 3.19–3.53 Strong brown
(7.5YR4/6)
Medium to large clasts, loose to friable, common
medium-large bones and bone fragments
None
O 3.53–3.81 Strong brown
(7.5YR4/6)
Medium clasts, friable, common charcoal, and bones Solutrean
P 3.81–3.93 Brown (7.5YR4/4) Medium to large clasts, loose to friable None
R 3.93–4.01 Brown (7.5YR5/4) Small to medium clasts, friable, common charcoal, and
small bones
Solutrean
S 4.01–4.13 Light brown
(7.5YR6/4)
Small clasts, friable, common charcoal, and bones Solutrean
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Table A.1: Lapa do Picareiro identified layers with sediment description and associ-






Sediment description a, b, c Lithic assemblage
T 4.13–4.86 Strong brown
(7.5YR4/6)
Medium to large clasts, friable, common boulders up to




3 U 4.86–5.02 Strong brown
(7.5YR5/6)
Small to medium clasts in muddy matrix, friable,
includes lenses with abundant small animal bones and
bone fragments
Terminal Gravettian
V 5.02–5.12 Strong brown
(7.5YR5/6)
Medium to large clasts, little fine sediment, loose to
friable, abundant small animal bones
Gravettian
W 5.12–5.25 Strong brown
(7.5YR4/6)
Small to medium clasts in very muddy matrix, friable to
slightly hard, abundant small animal bones and bone
fragments
Gravettian
X 5.25–5.32 Strong brown
(7.5YR5/6)
Medium clasts, little fine sediment, friable, abundant
small animal bones
Gravettian
Y 5.32–5.53 Strong brown
(7.5YR5/6)
Medium to large clasts, little fine sediment, common
bones
None
Z 5.53–5.71 Strong brown
(7.5YR5/6)
Medium clasts in muddy matrix, friable, common bones None
BB 5.71–5.96 Strong brown
(7.5YR5/6)




CC 5.96–6.03 Strong brown
(7.5YR5/6)
Very small clasts, friable None
DD 6.03–6.14 Strong brown
(7.5YR4/6)




EE 6.14–6.27 Reddish brown
(5YR4/4)
Small clasts in muddy matrix, friable to slightly hard,
common bones
None
FF 6.27–6.45 Dark reddish brown
(5YR3/4)




4 GG 6.45–6.62 Strong brown
(7.5YR5/6)
Large clasts, extremely hard, cemented by calcite











Table A.1: Lapa do Picareiro identified layers with sediment description and associ-






Sediment description a, b, c Lithic assemblage
HH 6.62–6.76 Strong brown
(7.5YR4/6)
Medium clasts in muddy matrix, slightly hard, common
bones
Aurignacian
II 6.76–6.87 Strong brown
(7.5YR5/6)
Medium to large clasts in muddy matrix, very hard,







Medium to large clasts in muddy matrix, slightly hard,
common bones; up to 20<U+2009>cm thick lenses of







Medium clasts in very muddy matrix, slightly hard,
lenses of dark reddish-brown fine sediment with
dispersed charcoal and large animal bones
Mousterian
KK 8.35–8.64 Yellowish red
(5YR5/8)
Medium to large clasts, slightly to moderately hard, few
bones
None
LL 8.64–9.15 Reddish brown
(5YR4/4)
Large clasts, slightly hard, concentration of angular
boulders up to 60<U+2009>cm in lower part
None
MM 9.15–9.98 Reddish brown
(5YR5/4)
Medium to large clasts in muddy matrix, moderately
hard, few small animal bones
None
NN 9.98–10.62 Reddish brown
(5YR5/4)
Very large clasts and boulders up to 70<U+2009>cm in
muddy matrix, slightly hard, few bones
None
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Table A.2: Basic database attributes recorded. Class conditions represent the
classes/artefacts which were considered for each variable, given the programmed
system of conditions.







Cortex presence (%) All except shatter and chips
Max length All except fragments, shatter and
chips
Max width All except shatter and chips
Mesial thickness All except shatter and chips
Weight All except chips
Type of fracture Debitage fragments
Retouched type Retouched pieces










Table A.3: Data Dictionary with variables considered in the attributes analysis,
including measurement units, allowed vallued, definitions and/or references.
Variable Measurement units Allowed values Description
ID Numeric - ID number assigned to the piece.
Raw material - Chert, Quartz, Greywacke, Chalcedony,
Schist, Silcrete, Dolerite, Other.
Type of raw material of the piece.
Quartz
quality
- Coarse, Medium, Fine, Rock crystal. Type of grain and quality of quartz. Coarse quality: large and
visible grains (>0.5 mm). Medium quality: small visible
grains. Fine quality: absence of visible grains. Rock crystal:
absence of visible grains and transparent coloration.
Class - Blank, Blank fragment, Retouched piece,
Retouched piece fragment, Core, Core
fragment, Core preparation product, Core
preparation product fragment, Burin
spall, Thinn flake, Thinn flake fragment,
Anvil, Hammer, Manuport, Shatter, Chip.
Technological class of the piece. According to Andrefsky





- Crested piece, Core trim, Core tablet,
Core front.




- Flake, Elonged blank, Shatter, Other,
Indeterminate.




- Proximal, Distal, Other. Part of the piece that is present. Proximal refers to the part
which has a bulb and a striking platform; distal is the end of
the piece; other refers to mesial.
Cortex - 0%, 1-30%, 31-60%, 61-99%, 100%. Percentage of cortex presence in the dorsal face of the piece.
According to Andrefsky (2005, pp. 104-105) and Bicho (2011).
Cortex
location
- Proximal, Distal, Mesial, Left lateral,
Right lateral, Proximal left lateral,
Proximal right lateral, Distal left lateral,
Distal right lateral, Mesial left lateral,
Mesial right lateral.
Location of cortex in the dorsal surface of the piece.
Cortex type - Cobble, Outcrop, Indeterminate. Type of cortex present on the piece. Cobble refers to rounded
clasts of rock; Outcrop is an exposed bedrock or superficial
deposits.
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Table A.3: Data Dictionary with variables considered in the attributes analysis,
including measurement units, allowed vallued, definitions and/or references. (con-
tinued)
Variable Measurement units Allowed values Description
Platform type - Plain, Dihedral, Faceted, Punctiform,
Linear, Winged, Removed, Crushed,
Other.
Type of platform. According to Inizan et al (1999, pp. 136).
Platform
cortex
- No, Yes complete, Yes partial. Presence of cortex on the platform.
Lipping - No, Yes. Presence of a lip on the piece. According to Inizan et al (1999,
pp. 144).
Blank shape - Parallel, Convergent, Divergent, Biconvex,
Irregular, Circular, Dejete, Other.
Type of blank shape. According to Almeida (2000, pp. 107).
Cross section - Triangular, Trapezoidal, Quadrangular,
Irregular, Lenticular, Other.
Type of cross section of the piece. According to Scerri et al
(2015, pp. 19).
Blank tip - Feather, Hinge, Step, Overshoot, Pointed. Type of blank tip. According to Almeida (2000, pp. 106).
Profile - Straight, Curved, Twisted, Irregular. Type of blank profile. According to Almeida (2000, pp. 106).
Scar count Numeric Count of dorsal flake scars over 5 mm. According to Andrefsky
(2005, pp. 106).
Scar pattern - Unidirectional, Bidirectional, Crossed,
Sub-centripedal, Centripedal, Other.
Type of scar pattern on the dorsal surface of the piece.
According to Scerri et al (2015, pp. 19).
Thickness In mm - Measurement of piece maximum thickness.
Max width In mm - Measurement of piece maximum width.
Proximal
width
In mm - Measurement of piece proximal width.
Mesial width In mm - Measurement of piece mesial width.
Distal width In mm - Measurement of piece distal width.




In mm - Measurement of platform central thickness.
Platform
width
In mm - Measurement of platform central width.








Table A.3: Data Dictionary with variables considered in the attributes analysis,
including measurement units, allowed vallued, definitions and/or references. (con-
tinued)




In degrees - Measurement of the angle between the platform and the dorsal
surface of the piece. According to Dibble (1997).
Core type - Single platform, Single prismatic, Single
pyramidal, Two single platforms,
Opposed, Opposed twisted, Other
opposed, Orthogonal, Inform, Bipolar,
Globular, Centripedal, Discoidal,
Levallois, Chopper, Tested, Other.
Type of core. According to Zilhao (1997, pp. 17).
Core Cross
Section
- Circular, Triangular, Quadrangular,
Irregular.
Type of core cross section.
Number of
core faces
- One, Two, Three, Four, More than four. Count of core debitage surfaces.
Core platform - Plain, Dihedral, Faceted, Cortical,
Crushed, Other.




- 0%, 1-30%, 31-60%, 61-99%. Percentage of cortex of the main face. Main face refers to the
debitage surface with most scars.
Main face
scar count
Numeric - Count of scars over 5 mm in the main face of the core.
Main face
scar direction
- Unidirectional, Bidirectional opposed,
Bidirectional alternate, Crossed,
Sub-centripedal, Centripedal, Other.
Direction of scars in the main face of the core. According to
Scerri et al (2015, pp. 19).
Main face aris
orientation
- Parallel, Convergent, Indeterminate. Orientation of main face aris.
Main face
scar length
In mm - Central length measurement of the last scar, over 5 mm, in the
main face of the core.
Main face
scar width
In mm - Maximum width measurement of the last scar, over 5 mm, in




In degrees - Measurement of the angle between the platform and the main
face of the core.
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Table A.3: Data Dictionary with variables considered in the attributes analysis,
including measurement units, allowed vallued, definitions and/or references. (con-
tinued)
Variable Measurement units Allowed values Description
Main face
core use
- Flakes, Blades, Bladelets, Points, Mixed. Type of products extracted from the main face of the core.
Distinction of blade and bladelet according to Tixier (1963).
Alteration - None, Patinated, Concretion, Fire, Mix. Type of alteration of the piece. Patina refers to a layer
covering the surface of a piece; concretion is a mass of mineral
formed around a nucleus.





- - Retouched piece typology as defined by Sonneville-Bordes and
Perrot (1956), adapted by Zilhao (1997) for the Portuguese
Estremadura.
Chip quantity Numeric - Count of chips. According to Andrefsky (2005, pp. 12).
Other notes - -
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Appendix A. Figures and tables
Figure A.1: Dolerite thin section under seen through a polarized microscope.
Table A.4: Lapa do Picareiro. Identified chert types. Description is mostly based on
colour patterns, following the color charts in the Munsell Soil Color Book (Munsell
Color).
Chert Type Description
RM1 Fine grain, 2.5Y 7/6 and 6/6 (yellow and olive yellow) translucent
color with opaque smoke-like patterns.
RM2 Mostly 5YR 4/2 (dark reddish gray) and 4/3 (reddish brown)
colouration, with 1mm 10YR 7/3 (very pale brown) dots and bigger
0.5 to 1 mm circular 10YR 7/2 (light gray) inclusions with coarser
texture.
RM3 Coarser texture, with veins and fog-like patterns with colour mix of
10YR 8/3, 7/3 (very pale brown), 7.5YR 7/3 (pink), 5YR 7/4 (pink)
and 10YR 5/3 brown.
RM4 Mostly 2.5Y 8/1 (white) with interior translucent areas.
RM5 2.5Y 6/2 (light brownish gray), closer to cortex 10YR 8/2 and 8/3
(very pale yellow) with circular 0.5 mm marks of 10YR 7/2 /(light
gray) and 5Y 5/1 (gray) dots.
RM6 10YR 8/3 (very pale brown) on borders, center fog-like pattern with
mix of 10YR 4/2,3/3 (dark brown), 2.5Y 6/3 (light yellowish brown)
and 5/1 (gray).
RM7 Stripped-like ondulating pattern with several tonalities: 5YR 7/3, 8/3
(pink), 6/6 (reddish yellow), 7/1 (light gray), with certain areas with




Table B.1: Vale Boi - Lower 5 - core attributes frequencies.
Tecnological attributes Quartz Chert Greywacke Other
CoreType, n (%)
Opposed 1 (6.7) 0 (0.0) 0 (0.0) 0 (0.0)
SinglePlat 11 (73.3) 8 (50.0) 2 (100.0) 0 (0.0)
SinglePrismatic 2 (13.3) 6 (37.5) 0 (0.0) 0 (0.0)
SinglePyramidal 1 (6.7) 1 (6.2) 0 (0.0) 1 (100.0)
TwoSinglePlat 0 (0.0) 1 (6.2) 0 (0.0) 0 (0.0)
NumberCoreFaces, n (%)
Four 3 (20.0) 0 (0.0) 0 (0.0) 0 (0.0)
MoreThanFour 0 (0.0) 2 (12.5) 0 (0.0) 0 (0.0)
One 4 (26.7) 7 (43.8) 2 (100.0) 1 (100.0)
Three 3 (20.0) 3 (18.8) 0 (0.0) 0 (0.0)
Two 5 (33.3) 4 (25.0) 0 (0.0) 0 (0.0)
CorePlatform, n (%)
Cortical 3 (20.0) 1 (6.2) 2 (100.0) 0 (0.0)
Faceted 1 (6.7) 1 (6.2) 0 (0.0) 0 (0.0)
Plain 11 (73.3) 14 (87.5) 0 (0.0) 1 (100.0)
MainFaceCoreUse, n (%)
Bladelets 1 (6.7) 2 (12.5) 0 (0.0) 0 (0.0)
Blades 1 (6.7) 4 (25.0) 0 (0.0) 0 (0.0)
Flakes 13 (86.7) 10 (62.5) 2 (100.0) 0 (0.0)
Mixed 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0)
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Table B.2: Vale Boi - Upper 5/4E - core attributes frequencies.
Tecnological attributes Quartz Chert Other Total
CoreType, n (%)
Opposed 0 (0.0) 3 (11.1) 0 (0.0) 3 (5.1)
Other 0 (0.0) 3 (11.1) 0 (0.0) 3 (5.1)
SinglePlat 21 (72.4) 9 (33.3) 2 (100.0) 32 (54.2)
SinglePrismatic 6 (20.7) 3 (11.1) 0 (0.0) 10 (16.9)
SinglePyramidal 1 (3.4) 4 (14.8) 0 (0.0) 5 (8.5)
TwoSinglePlat 1 (3.4) 5 (18.5) 0 (0.0) 6 (10.2)
NumberCoreFaces, n (%)
Four 1 (3.4) 2 (7.4) 0 (0.0) 3 (5.1)
MoreThanFour 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7)
One 14 (48.3) 12 (44.4) 2 (100.0) 28 (47.5)
Three 2 (6.9) 4 (14.8) 0 (0.0) 6 (10.2)
Two 12 (41.4) 9 (33.3) 0 (0.0) 21 (35.6)
CorePlatform, n (%)
Cortical 9 (31.0) 1 (3.7) 1 (50.0) 11 (18.6)
Crushed 1 (3.4) 2 (7.4) 0 (0.0) 3 (5.1)
Dihedral 0 (0.0) 2 (7.4) 0 (0.0) 2 (3.4)
Faceted 1 (3.4) 5 (18.5) 0 (0.0) 6 (10.2)
Other 0 (0.0) 2 (7.4) 0 (0.0) 2 (3.4)
Plain 18 (62.1) 15 (55.6) 1 (50.0) 35 (59.3)
MainFaceCoreUse, n (%)
Bladelets 3 (10.3) 3 (11.1) 0 (0.0) 6 (10.2)
Blades 2 (6.9) 4 (14.8) 0 (0.0) 6 (10.2)
Flakes 20 (69.0) 16 (59.3) 2 (100.0) 39 (66.1)
Mixed 4 (13.8) 4 (14.8) 0 (0.0) 8 (13.6)
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Table B.3: Vale Boi - Lower 5 - mean and standard deviation of core measurements
(in mm).
Core metrics Quartz Chert Greywacke Other Total
MedWidth, M (SD) 31.6 (14.0) 30.3 (15.2) 59.7 (28.1) 41.0 (NA) 32.8 (16.7)
Length, M (SD) 26.6 (7.2) 29.1 (12.9) 32.4 (10.5) 36.3 (NA) 28.7 (10.5)
Thickness, M (SD) 23.4 (11.8) 22.8 (6.6) 36.1 (8.0) 32.6 (NA) 24.1 (9.5)
PlatformWidth, M (SD) 32.1 (13.2) 29.2 (11.6) 64.6 (26.3) 35.6 (NA) 32.6 (15.5)
PlatformThickness, M (SD) 22.1 (11.3) 21.4 (7.0) 40.3 (9.4) 23.9 (NA) 22.9 (9.9)
MainFacePlatformAngle, M (SD) 68.1 (32.8) 56.2 (40.2) 56.5 (52.2) 83.1 (NA) 60.2 (38.0)
Weight, M (SD) 35.0 (44.7) 35.0 (64.4) 107.5 (80.0) 84.8 (NA) 40.7 (58.6)
Table B.4: Vale Boi - Upper 5/4E - mean and standard deviation of core measure-
ments (in mm).
Core metrics Quartz Chert Greywacke Other Total
MedWidth, M (SD) 33.4 (13.0) 26.5 (8.7) 18.5 (NA) 51.4 (6.8) 29.9 (11.7)
Length, M (SD) 25.8 (10.2) 26.5 (8.9) 33.9 (NA) 36.9 (26.3) 26.6 (9.9)
Thickness, M (SD) 27.0 (9.9) 21.6 (10.0) 18.1 (NA) 32.6 (9.4) 24.1 (10.3)
PlatformWidth, M (SD) 34.4 (13.1) 25.9 (9.0) 17.5 (NA) 43.1 (16.7) 29.8 (11.9)
PlatformThickness, M (SD) 26.8 (10.3) 20.1 (9.5) 16.1 (NA) 19.5 (2.5) 22.8 (10.2)
MainFacePlatformAngle, M (SD) 70.4 (26.0) 52.2 (42.5) 86.7 (NA) 89.8 (18.3) 61.2 (37.0)
Weight, M (SD) 41.2 (50.9) 20.8 (15.1) 14.7 (NA) 99.8 (79.2) 31.2 (38.6)
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Table B.5: Vale Boi - Lower 5 - flake attributes frequencies.



























Other 5 (2.1) 3 (2.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 8 (1.9)
Quadrangular 13
(5.5)








































Dejete 4 (1.7) 5 (3.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (2.1)
Divergent 9 (3.8) 19
(13.6)


































































































Overshoot 1 (0.4) 4 (2.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (1.2)
Pointed 31
(13.1)




























Dihedral 2 (0.8) 6 (4.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 8 (1.9)
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Table B.5: Vale Boi - Lower 5 - flake attributes frequencies. (continued)
Attributes Quartz Chert Greywacke Dolerite Chalcedony Other Total
Faceted 0 (0.0) 2 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.5)
Linear 0 (0.0) 5 (3.6) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.4)







































0 (0.0) 0 (0.0) 0 (0.0) 22
(5.2)
YesPartial 1 (0.4) 4 (2.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (1.2)
ScarCount,
n (%)





































0 (0.0) 0 (0.0) 75
(17.6)
4 7 (3.0) 12
(8.6)




5 0 (0.0) 5 (3.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (1.2)
6 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)
7 0 (0.0) 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)
8 0 (0.0) 0 (0.0) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)
ScarPattern,
n (%)
Bidirectional 3 (1.3) 13
(9.3)
2 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 18
(4.2)
Centripetal 0 (0.0) 0 (0.0) 1 (2.6) 0 (0.0) 1
(20.0)
0 (0.0) 2 (0.5)
Crossed 1 (0.4) 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.5)
None 2 (0.8) 2 (1.4) 2 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.4)































1-30% 4 (1.7) 13
(9.3)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 17
(4.0)
100% 2 (0.8) 2 (1.4) 2 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.4)
31-
60%




1 (0.4) 4 (2.9) 2 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 7 (1.6)
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Table B.6: Vale Boi - Upper 5/4E - flake attributes frequencies.





















































































































































































































Table B.6: Vale Boi - Upper 5/4E - flake attributes frequencies. (continued)













Dihedral 2 (0.5) 23
(6.9)




Faceted 0 (0.0) 8 (2.4) 1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 9 (1.1)
Linear 2 (0.5) 10
(3.0)
3 (3.9) 1 (7.7) 0 (0.0) 0 (0.0) 16
(1.9)















Winged 1 (0.3) 20
(6.0)




























YesPartial 4 (1.0) 27
(8.1)




0 5 (1.3) 16
(4.8)












































4 5 (1.3) 26
(7.8)
2 (2.6) 0 (0.0) 1 (7.1) 0 (0.0) 34
(4.1)
5 1 (0.3) 5 (1.5) 2 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 8 (1.0)
6 0 (0.0) 3 (0.9) 1 (1.3) 0 (0.0) 1 (7.1) 0 (0.0) 5 (0.6)













Centripetal 1 (0.3) 5 (1.5) 3 (3.9) 1 (7.7) 0 (0.0) 0 (0.0) 10
(1.2)
None 5 (1.3) 16
(4.8)
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Table B.6: Vale Boi - Upper 5/4E - flake attributes frequencies. (continued)
Attributes Quartz Chert Greywacke Dolerite Chalcedony Other Total
1-30% 5 (1.3) 55
(16.6)




100% 5 (1.3) 16
(4.8)














2 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 22
(2.7)
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Table B.7: Vale Boi - Lower 5 - mean and standard deviation of flake measurements
(in mm).
Measurements Quartz Chert Greywacke Dolerite Chalcedony Other Total
MedWidth, M (SD) 18.4 (6.8) 16.6 (6.3) 28.8 (13.5) 14.7 (3.9) 15.0 (5.7) 23.0 (3.5) 18.7 (8.1)
Length, M (SD) 23.0 (7.6) 19.4 (7.3) 32.9 (13.5) 18.0 (5.0) 20.6 (10.2) 26.3 (7.4) 22.7 (8.9)
Thickness, M (SD) 8.9 (3.8) 5.5 (2.6) 10.9 (6.0) 5.5 (1.3) 6.6 (3.5) 6.6 (3.0) 7.9 (4.1)
PlatformWidth, M (SD) 15.2 (7.4) 10.9 (5.6) 21.9 (12.1) 11.1 (3.4) 8.8 (4.7) 12.6 (5.1) 14.3 (7.9)
PlatformThickness, M (SD) 7.84 (4.20) 4.58 (2.44) 9.84 (5.07) 4.86 (1.17) 4.45 (2.87) 5.27 (3.46) 6.86 (4.16)
ExteriorPlatformAngle, M (SD) 78.1 (34.2) 73.0 (32.0) 80.0 (32.1) 76.9 (8.6) 101.6 (27.6) 84.5 (7.4) 76.9 (33.0)
Table B.8: Vale Boi - Upper 5/4E - mean and standard deviation of flake measure-
ments (in mm).
Measurements Quartz Chert Greywacke Dolerite Chalcedony Other Total
MedWidth, M (SD) 18.1 (7.2) 16.7 (6.2) 25.9 (10.8) 21.1 (7.1) 17.7 (5.1) 25.6 (11.0) 18.3 (7.7)
Length, M (SD) 23.2 (8.0) 21.0 (7.3) 28.6 (11.1) 23.1 (8.0) 21.1 (8.4) 39.3 (13.7) 22.9 (8.5)
Thickness, M (SD) 8.7 (3.5) 5.9 (3.0) 9.2 (4.5) 6.1 (2.9) 6.3 (2.1) 10.6 (2.8) 7.6 (3.7)
PlatformWidth, M (SD) 15.3 (7.7) 11.4 (5.1) 20.3 (9.3) 17.7 (10.5) 13.3 (4.7) 16.4 (5.5) 14.2 (7.4)
PlatformThickness, M (SD) 7.56 (3.71) 4.93 (2.74) 7.83 (4.24) 5.45 (3.09) 5.43 (2.11) 8.23 (3.10) 6.47 (3.62)
ExteriorPlatformAngle, M (SD) 84.3 (30.4) 70.6 (33.6) 77.1 (31.0) 86.7 (17.4) 77.4 (26.3) 80.1 (18.1) 78.0 (32.1)
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Table B.9: Vale Boi - Lower 5 - elongated products attributes frequencies.






























































































































































































































Table B.9: Vale Boi - Lower 5 - elongated products attributes frequencies. (contin-
ued)














































































































































































Appendix B. Attribute analysis
Table B.10: Vale Boi - Upper 5/4E - elongated products attributes frequencies.


















































































































































































































































































































Table B.10: Vale Boi - Upper 5/4E - elongated products attributes frequencies.
(continued)




















































































































































































































































































































Appendix B. Attribute analysis
Table B.10: Vale Boi - Upper 5/4E - elongated products attributes frequencies.
(continued)


















Table B.11: Vale Boi - Lower 5 - mean and standard deviation of elongated products
measurements (in mm).
Measurements Quartz Chert Greywacke
MaxWidth, M (SD) 8.8 (4.2) 10.3 (4.4) 20.8 (8.0)
Length, M (SD) 21.6 (10.0) 26.1 (9.8) 50.2 (16.7)
Thickness, M (SD) 5.6 (3.4) 5.4 (2.8) 11.0 (7.5)
PlatformWidth, M (SD) 6.7 (3.8) 7.4 (3.4) 17.9 (8.4)
PlatformThickness, M (SD) 4.1 (2.4) 4.5 (2.6) 10.5 (6.5)
ExteriorPlatformAngle, M (SD) 64.4 (46.7) 75.3 (37.8) 39.6 (50.0)
Table B.12: Vale Boi - Upper 5/4E - mean and standard deviation of elongated
products measurements (in mm).
Measurements Quartz Chert Greywacke Dolerite Chalcedony Other
MaxWidth, M (SD) 9.3 (3.6) 10.4 (4.4) 11.7 (3.5) 16.0 (NA) 16.1 (9.2) 17.4 (1.4)
Length, M (SD) 21.1 (7.4) 26.1 (10.1) 36.2 (12.6) 36.6 (NA) 38.7 (16.1) 40.1 (7.6)
Thickness, M (SD) 5.47 (2.82) 4.26 (2.27) 8.55 (6.22) 7.15 (NA) 7.49 (5.33) 7.55 (2.38)
PlatformWidth, M (SD) 7.0 (3.1) 7.1 (3.3) 10.5 (3.1) 16.4 (NA) 11.7 (7.8) 7.0 (0.5)
PlatformThickness, M (SD) 4.79 (2.88) 3.29 (1.89) 6.04 (3.97) 5.40 (NA) 5.79 (4.24) 4.13 (1.12)
ExteriorPlatformAngle, M (SD) 57.3 (47.0) 66.1 (37.8) 79.8 (11.3) 78.3 (NA) 101.9 (18.1) 83.8 (6.9)
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Table B.14: Lapa do Picareiro - Middle T - core attributes frequencies.
Attributes Quartz Chert Other Total
CoreType, n (%)
SinglePlat 1 (50.0) 1 (50.0) 1 (100.0) 3 (60.0)
SinglePrismatic 1 (50.0) 0 (0.0) 0 (0.0) 1 (20.0)
SinglePyramidal 0 (0.0) 1 (50.0) 0 (0.0) 1 (20.0)
NumberCoreFaces, n (%)
Four 0 (0.0) 2 (100.0) 0 (0.0) 2 (40.0)
One 1 (50.0) 0 (0.0) 0 (0.0) 1 (20.0)
Three 1 (50.0) 0 (0.0) 0 (0.0) 1 (20.0)
Two 0 (0.0) 0 (0.0) 1 (100.0) 1 (20.0)
CorePlatform, n (%)
Dihedral 0 (0.0) 1 (50.0) 0 (0.0) 1 (20.0)
Plain 2 (100.0) 1 (50.0) 1 (100.0) 4 (80.0)
MainFaceCoreUse, n (%)
Flakes 1 (50.0) 2 (100.0) 1 (100.0) 4 (80.0)
Mixed 1 (50.0) 0 (0.0) 0 (0.0) 1 (20.0)
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Table B.15: Lapa do Picareiro - U/Lower T - mean and standard deviation of core
measurements (in mm).
Core metrics Quartz
MedWidth, M (SD) 29.0 (4.2)
Length, M (SD) 28.4 (9.1)
Thickness, M (SD) 25.2 (11.9)
PlatformWidth, M (SD) 24.6 (1.3)
PlatformThickness, M (SD) 24.9 (10.3)
MainFacePlatformAngle, M (SD) 82.7 (21.1)
Weight, M (SD) 40.2 (37.5)
Table B.16: Lapa do Picareiro - Middle T - mean and standard deviation of core
measurements (in mm).
Core metrics Quartz Chert Other Total
MedWidth, M (SD) 42.2 (8.2) 22.0 (10.3) 71.8 (NA) 40.0 (21.5)
Length, M (SD) 30.1 (2.2) 27.9 (14.1) 29.9 (NA) 29.2 (7.2)
Thickness, M (SD) 25.9 (13.8) 17.4 (3.6) 48.9 (NA) 27.1 (14.8)
PlatformWidth, M (SD) 38.4 (3.9) 21.6 (9.3) 75.5 (NA) 39.1 (22.6)
PlatformThickness, M (SD) 28.3 (15.6) 16.7 (1.3) 50.6 (NA) 28.1 (15.9)
MainFacePlatformAngle, M (SD) 74.3 (14.9) 80.4 (1.3) 75.8 (NA) 77.1 (8.1)
Weight, M (SD) 46.5 (14.8) 28.0 (32.7) 154.3 (NA) 60.7 (56.1)
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Table B.17: Lapa do Picareiro - U/Lower T - flake attributes frequencies.
Attributes Quartz Chert Other Total
CrossSection, n (%)
Irregular 3 (15.0) 0 (0.0) 0 (0.0) 3 (10.7)
Lenticular 1 (5.0) 1 (14.3) 0 (0.0) 2 (7.1)
Other 2 (10.0) 0 (0.0) 0 (0.0) 2 (7.1)
Quadrangular 1 (5.0) 0 (0.0) 0 (0.0) 1 (3.6)
Trapezoidal 2 (10.0) 3 (42.9) 0 (0.0) 5 (17.9)
Triangular 11 (55.0) 3 (42.9) 1 (100.0) 15 (53.6)
BlankShape, n (%)
Circular 2 (10.0) 0 (0.0) 0 (0.0) 2 (7.1)
Convergent 6 (30.0) 1 (14.3) 1 (100.0) 8 (28.6)
Déjeté 1 (5.0) 0 (0.0) 0 (0.0) 1 (3.6)
Divergent 1 (5.0) 3 (42.9) 0 (0.0) 4 (14.3)
Irregular 3 (15.0) 2 (28.6) 0 (0.0) 5 (17.9)
Parallel 7 (35.0) 1 (14.3) 0 (0.0) 8 (28.6)
Profile, n (%)
Curved 4 (20.0) 1 (14.3) 0 (0.0) 5 (17.9)
Irregular 2 (10.0) 0 (0.0) 0 (0.0) 2 (7.1)
Straight 12 (60.0) 6 (85.7) 1 (100.0) 19 (67.9)
Twisted 2 (10.0) 0 (0.0) 0 (0.0) 2 (7.1)
BlankTip, n (%)
Feather 7 (35.0) 1 (14.3) 0 (0.0) 8 (28.6)
Hinge 8 (40.0) 1 (14.3) 1 (100.0) 10 (35.7)
Pointed 1 (5.0) 3 (42.9) 0 (0.0) 4 (14.3)
Step 4 (20.0) 2 (28.6) 0 (0.0) 6 (21.4)
PlatformType, n (%)
Crushed 6 (30.0) 2 (28.6) 1 (100.0) 9 (32.1)
Dihedral 0 (0.0) 2 (28.6) 0 (0.0) 2 (7.1)
Faceted 1 (5.0) 1 (14.3) 0 (0.0) 2 (7.1)
Plain 13 (65.0) 1 (14.3) 0 (0.0) 14 (50.0)
Winged 0 (0.0) 1 (14.3) 0 (0.0) 1 (3.6)
PlatformCortex, n (%)
No 17 (85.0) 7 (100.0) 1 (100.0) 25 (89.3)
YesComplete 3 (15.0) 0 (0.0) 0 (0.0) 3 (10.7)
ScarCount, n (%)
0 1 (5.0) 0 (0.0) 0 (0.0) 1 (3.6)
1 3 (15.0) 1 (14.3) 0 (0.0) 4 (14.3)
2 7 (35.0) 1 (14.3) 0 (0.0) 8 (28.6)
3 8 (40.0) 3 (42.9) 1 (100.0) 12 (42.9)
4 1 (5.0) 1 (14.3) 0 (0.0) 2 (7.1)
5 0 (0.0) 1 (14.3) 0 (0.0) 1 (3.6)
ScarPattern, n (%)
Centripetal 0 (0.0) 1 (14.3) 0 (0.0) 1 (3.7)
Other 1 (5.3) 0 (0.0) 0 (0.0) 1 (3.7)
Unidirectional 18 (94.7) 6 (85.7) 1 (100.0) 25 (92.6)
Cortex, n (%)
0% 18 (90.0) 5 (71.4) 1 (100.0) 24 (85.7)
1-30% 1 (5.0) 2 (28.6) 0 (0.0) 3 (10.7)
100% 1 (5.0) 0 (0.0) 0 (0.0) 1 (3.6)
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Table B.18: Lapa do Picareiro - Middle T - flake attributes frequencies.
Attributes Quartz Chert Other Total
CrossSection, n (%)
Irregular 3 (23.1) 5 (15.6) 0 (0.0) 8 (17.0)
Lenticular 2 (15.4) 4 (12.5) 0 (0.0) 6 (12.8)
Other 0 (0.0) 2 (6.2) 0 (0.0) 2 (4.3)
Trapezoidal 0 (0.0) 7 (21.9) 0 (0.0) 7 (14.9)
Triangular 8 (61.5) 14 (43.8) 2 (100.0) 24 (51.1)
BlankShape, n (%)
Circular 0 (0.0) 2 (6.2) 0 (0.0) 2 (4.3)
Convergent 5 (38.5) 4 (12.5) 1 (50.0) 10 (21.3)
Déjeté 1 (7.7) 1 (3.1) 0 (0.0) 2 (4.3)
Divergent 0 (0.0) 3 (9.4) 0 (0.0) 3 (6.4)
Irregular 7 (53.8) 7 (21.9) 1 (50.0) 15 (31.9)
Other 0 (0.0) 2 (6.2) 0 (0.0) 2 (4.3)
Parallel 0 (0.0) 13 (40.6) 0 (0.0) 13 (27.7)
Profile, n (%)
Curved 2 (15.4) 12 (37.5) 1 (50.0) 15 (31.9)
Irregular 1 (7.7) 1 (3.1) 0 (0.0) 2 (4.3)
Straight 10 (76.9) 19 (59.4) 1 (50.0) 30 (63.8)
BlankTip, n (%)
Feather 5 (38.5) 13 (40.6) 0 (0.0) 18 (38.3)
Hinge 6 (46.2) 9 (28.1) 2 (100.0) 17 (36.2)
Overshoot 0 (0.0) 1 (3.1) 0 (0.0) 1 (2.1)
Pointed 1 (7.7) 1 (3.1) 0 (0.0) 2 (4.3)
Step 1 (7.7) 8 (25.0) 0 (0.0) 9 (19.1)
PlatformType, n (%)
Crushed 6 (46.2) 5 (15.6) 0 (0.0) 11 (23.4)
Dihedral 0 (0.0) 6 (18.8) 0 (0.0) 6 (12.8)
Faceted 1 (7.7) 1 (3.1) 0 (0.0) 2 (4.3)
Plain 6 (46.2) 20 (62.5) 2 (100.0) 28 (59.6)
PlatformCortex, n (%)
No 12 (92.3) 31 (96.9) 1 (50.0) 44 (93.6)
YesComplete 0 (0.0) 0 (0.0) 1 (50.0) 1 (2.1)
YesPartial 1 (7.7) 1 (3.1) 0 (0.0) 2 (4.3)
ScarCount, n (%)
1 3 (23.1) 4 (12.5) 1 (50.0) 8 (17.0)
2 8 (61.5) 11 (34.4) 0 (0.0) 19 (40.4)
3 1 (7.7) 11 (34.4) 1 (50.0) 13 (27.7)
4 1 (7.7) 5 (15.6) 0 (0.0) 6 (12.8)
7 0 (0.0) 1 (3.1) 0 (0.0) 1 (2.1)
ScarPattern, n (%)
Bidirectional 0 (0.0) 3 (9.4) 0 (0.0) 3 (6.4)
Other 1 (7.7) 0 (0.0) 0 (0.0) 1 (2.1)
Unidirectional 12 (92.3) 29 (90.6) 2 (100.0) 43 (91.5)
Cortex, n (%)
0% 10 (76.9) 31 (96.9) 0 (0.0) 41 (87.2)
1-30% 0 (0.0) 1 (3.1) 1 (50.0) 2 (4.3)
31-60% 2 (15.4) 0 (0.0) 0 (0.0) 2 (4.3)
61-99% 1 (7.7) 0 (0.0) 1 (50.0) 2 (4.3)
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Table B.19: Lapa do Picarerio - U/Lower T - mean and standard deviation of flake
measurements (in mm).
Measurements Quartz Chert Other Total
MedWidth, M (SD) 15.3 (10.4) 17.0 (8.7) 38.8 (NA) 16.6 (10.6)
Length, M (SD) 21.8 (14.3) 27.3 (14.2) 76.0 (NA) 25.1 (17.1)
Thickness, M (SD) 7.4 (6.0) 5.3 (3.1) 11.8 (NA) 7.0 (5.4)
PlatformWidth, M (SD) 13.4 (9.0) 12.9 (9.5) 14.2 (NA) 13.3 (8.8)
PlatformThickness, M (SD) 7.15 (6.23) 4.51 (2.82) 4.70 (NA) 6.40 (5.53)
ExteriorPlatformAngle, M (SD) 83.7 (32.8) 59.6 (41.4) 101.4 (NA) 78.3 (35.7)
Table B.20: Lapa do Picarerio - Middle T - mean and standard deviation of flake
measurements (in mm).
Measurements Quartz Chert Other Total
MedWidth, M (SD) 12.2 (5.6) 16.3 (8.1) 31.2 (8.4) 15.8 (8.3)
Length, M (SD) 16.3 (4.1) 20.9 (8.5) 38.4 (11.9) 20.4 (8.7)
Thickness, M (SD) 5.0 (2.8) 5.0 (2.3) 10.3 (1.4) 5.3 (2.6)
PlatformWidth, M (SD) 10.0 (5.4) 10.5 (4.9) 27.4 (1.6) 11.1 (6.0)
PlatformThickness, M (SD) 4.7 (3.2) 4.2 (2.1) 12.9 (1.0) 4.7 (3.0)
ExteriorPlatformAngle, M (SD) 81.5 (39.3) 74.2 (31.9) 71.7 (24.3) 76.1 (33.4)
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Table B.21: Lapa do Picareiro - U/Lower T - elongated blanks attributes frequen-
cies.
Attributes Quartz Chert Total
CrossSection, n (%)
Irregular 0 (0.0) 1 (5.9) 1 (3.7)
Lenticular 2 (20.0) 2 (11.8) 4 (14.8)
Trapezoidal 0 (0.0) 3 (17.6) 3 (11.1)
Triangular 8 (80.0) 11 (64.7) 19 (70.4)
BlankShape, n (%)
Convergent 3 (30.0) 3 (17.6) 6 (22.2)
Déjeté 0 (0.0) 1 (5.9) 1 (3.7)
Irregular 0 (0.0) 1 (5.9) 1 (3.7)
Parallel 7 (70.0) 12 (70.6) 19 (70.4)
Profile, n (%)
Curved 2 (20.0) 5 (29.4) 7 (25.9)
Straight 8 (80.0) 11 (64.7) 19 (70.4)
Twisted 0 (0.0) 1 (5.9) 1 (3.7)
BlankTip, n (%)
Feather 5 (50.0) 11 (64.7) 16 (59.3)
Hinge 2 (20.0) 1 (5.9) 3 (11.1)
Overshoot 0 (0.0) 1 (5.9) 1 (3.7)
Pointed 1 (10.0) 1 (5.9) 2 (7.4)
Step 2 (20.0) 3 (17.6) 5 (18.5)
PlatformType, n (%)
Crushed 4 (40.0) 3 (17.6) 7 (25.9)
Dihedral 0 (0.0) 2 (11.8) 2 (7.4)
Linear 1 (10.0) 0 (0.0) 1 (3.7)
Plain 5 (50.0) 12 (70.6) 17 (63.0)
PlatformCortex, n (%)
No 9 (90.0) 17 (100.0) 26 (96.3)
YesComplete 1 (10.0) 0 (0.0) 1 (3.7)
ScarCount, n (%)
1 1 (10.0) 0 (0.0) 1 (3.7)
2 7 (70.0) 6 (35.3) 13 (48.1)
3 2 (20.0) 5 (29.4) 7 (25.9)
4 0 (0.0) 4 (23.5) 4 (14.8)
5 0 (0.0) 2 (11.8) 2 (7.4)
ScarPattern, n (%)
Unidirectional 10 (100.0) 17 (100.0) 27 (100.0)
Cortex, n (%)
0% 9 (90.0) 15 (88.2) 24 (88.9)
1-30% 1 (10.0) 2 (11.8) 3 (11.1)
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Table B.22: Lapa do Picareiro - Middle T - elongated blanks attributes frequencies.
Attributes Quartz Chert Total
CrossSection, n (%)
Irregular 0 (0.0) 2 (14.3) 2 (10.0)
Lenticular 2 (33.3) 1 (7.1) 3 (15.0)
Trapezoidal 1 (16.7) 2 (14.3) 3 (15.0)
Triangular 3 (50.0) 9 (64.3) 12 (60.0)
BlankShape, n (%)
Convergent 1 (16.7) 5 (35.7) 6 (30.0)
Divergent 1 (16.7) 0 (0.0) 1 (5.0)
Irregular 1 (16.7) 0 (0.0) 1 (5.0)
Parallel 3 (50.0) 9 (64.3) 12 (60.0)
Profile, n (%)
Curved 4 (66.7) 3 (21.4) 7 (35.0)
Irregular 0 (0.0) 2 (14.3) 2 (10.0)
Straight 2 (33.3) 7 (50.0) 9 (45.0)
Twisted 0 (0.0) 2 (14.3) 2 (10.0)
BlankTip, n (%)
Feather 4 (66.7) 9 (64.3) 13 (65.0)
Hinge 2 (33.3) 1 (7.1) 3 (15.0)
Pointed 0 (0.0) 3 (21.4) 3 (15.0)
Step 0 (0.0) 1 (7.1) 1 (5.0)
PlatformType, n (%)
Crushed 3 (50.0) 5 (35.7) 8 (40.0)
Plain 3 (50.0) 9 (64.3) 12 (60.0)
PlatformCortex, n (%)
No 6 (100.0) 13 (92.9) 19 (95.0)
YesComplete 0 (0.0) 1 (7.1) 1 (5.0)
ScarCount, n (%)
2 4 (66.7) 4 (28.6) 8 (40.0)
3 2 (33.3) 7 (50.0) 9 (45.0)
4 0 (0.0) 3 (21.4) 3 (15.0)
ScarPattern, n (%)
Unidirectional 6 (100.0) 14 (100.0) 20 (100.0)
Cortex, n (%)
0% 6 (100.0) 13 (92.9) 19 (95.0)
1-30% 0 (0.0) 1 (7.1) 1 (5.0)
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Table B.23: Lapa do Picarerio - U/Lower T - mean and standard deviation of
elongated blanks measurements (in mm).
Measurements Quartz Chert
MaxWidth, M (SD) 7.9 (4.7) 11.9 (7.6)
Length, M (SD) 17.5 (9.0) 32.3 (17.5)
Thickness, M (SD) 3.17 (3.58) 3.54 (2.81)
PlatformWidth, M (SD) 4.77 (1.43) 7.66 (5.57)
PlatformThickness, M (SD) 2.48 (2.94) 3.04 (2.52)
ExteriorPlatformAngle, M
(SD)
68.3 (47.6) 74.1 (45.0)
Table B.24: Lapa do Picarerio - Middle T - mean and standard deviation of elon-
gated blanks measurements (in mm).
Measurements Quartz Chert
MaxWidth, M (SD) 7.7 (1.5) 14.0 (7.8)
Length, M (SD) 17.0 (2.9) 37.5 (16.5)
Thickness, M (SD) 2.16 (0.69) 4.20 (2.36)
PlatformWidth, M (SD) 5.51 (1.67) 9.04 (4.26)
PlatformThickness, M (SD) 2.07 (0.58) 3.29 (2.39)
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package * version date lib source
abind 1.4-5 2016-07-21 [1] CRAN (R 3.6.0)
acepack 1.4.1 2016-10-29 [1] CRAN (R 3.6.1)
assertthat 0.2.1 2019-03-21 [1] CRAN (R 3.6.1)
backports 1.1.5 2019-10-02 [1] CRAN (R 3.6.1)
base64enc 0.1-3 2015-07-28 [1] CRAN (R 3.6.0)
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carData * 3.0-3 2019-11-16 [1] CRAN (R 3.6.1)
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checkmate 1.9.4 2019-07-04 [1] CRAN (R 3.6.1)
class 7.3-15 2019-01-01 [2] CRAN (R 3.6.2)
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cli 2.0.0 2019-12-09 [1] CRAN (R 3.6.2)
cluster 2.1.0 2019-06-19 [2] CRAN (R 3.6.2)
colorspace 1.4-1 2019-03-18 [1] CRAN (R 3.6.1)
cowplot 1.0.0 2019-07-11 [1] CRAN (R 3.6.1)
crayon 1.3.4 2017-09-16 [1] CRAN (R 3.6.1)
curl 4.3 2019-12-02 [1] CRAN (R 3.6.2)
data.table 1.12.8 2019-12-09 [1] CRAN (R 3.6.2)
DBI 1.1.0 2019-12-15 [1] CRAN (R 3.6.2)
desc 1.2.0 2018-05-01 [1] CRAN (R 3.6.2)
devtools * 2.2.1 2019-09-24 [1] CRAN (R 3.6.2)
digest 0.6.23 2019-11-23 [1] CRAN (R 3.6.2)
dplyr * 0.8.3 2019-07-04 [1] CRAN (R 3.6.1)
e1071 1.7-3 2019-11-26 [1] CRAN (R 3.6.2)
ellipsis 0.3.0 2019-09-20 [1] CRAN (R 3.6.1)
evaluate 0.14 2019-05-28 [1] CRAN (R 3.6.1)
factoextra * 1.0.6 2019-12-05 [1] CRAN (R 3.6.2)
FactoMineR * 2.0 2019-11-25 [1] CRAN (R 3.6.2)
fansi 0.4.0 2018-10-05 [1] CRAN (R 3.6.1)
farver 2.0.1 2019-11-13 [1] CRAN (R 3.6.2)
fastmap 1.0.1 2019-10-08 [1] CRAN (R 3.6.2)
flashClust 1.01-2 2012-08-21 [1] CRAN (R 3.6.0)
float * 0.2-3 2019-05-31 [1] CRAN (R 3.6.0)
forcats * 0.4.0 2019-02-17 [1] CRAN (R 3.6.1)
foreign 0.8-73 2019-12-18 [1] CRAN (R 3.6.2)
Formula 1.2-3 2018-05-03 [1] CRAN (R 3.6.0)
fs 1.3.1 2019-05-06 [1] CRAN (R 3.6.2)
gee 4.13-20 2019-11-07 [1] CRAN (R 3.6.2)
ggalluvial * 0.11.1 2019-12-03 [1] CRAN (R 3.6.2)
ggExtra * 0.9 2019-08-27 [1] CRAN (R 3.6.2)
ggplot2 * 3.2.1 2019-08-10 [1] CRAN (R 3.6.1)
ggpubr * 0.2.4 2019-11-14 [1] CRAN (R 3.6.2)
ggrepel 0.8.1 2019-05-07 [1] CRAN (R 3.6.1)
ggsci * 2.9 2018-05-14 [1] CRAN (R 3.6.1)
ggsignif 0.6.0 2019-08-08 [1] CRAN (R 3.6.1)
glue 1.3.1 2019-03-12 [1] CRAN (R 3.6.1)
gridExtra 2.3 2017-09-09 [1] CRAN (R 3.6.1)
gtable 0.3.0 2019-03-25 [1] CRAN (R 3.6.1)
haven 2.2.0 2019-11-08 [1] CRAN (R 3.6.2)
Hmisc 4.3-0 2019-11-07 [1] CRAN (R 3.6.1)
hms 0.5.2 2019-10-30 [1] CRAN (R 3.6.2)
htmlTable 1.13.3 2019-12-04 [1] CRAN (R 3.6.1)
htmltools 0.4.0 2019-10-04 [1] CRAN (R 3.6.1)
htmlwidgets 1.5.1 2019-10-08 [1] CRAN (R 3.6.1)
httpuv 1.5.2 2019-09-11 [1] CRAN (R 3.6.2)
httr 1.4.1 2019-08-05 [1] CRAN (R 3.6.1)
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IDPmisc * 1.1.19 2019-02-12 [1] CRAN (R 3.6.1)
janitor * 1.2.0 2019-04-21 [1] CRAN (R 3.6.1)
jpeg 0.1-8.1 2019-10-24 [1] CRAN (R 3.6.1)
kableExtra * 1.1.0 2019-03-16 [1] CRAN (R 3.6.1)
knitr * 1.26 2019-11-12 [1] CRAN (R 3.6.2)
labeling 0.3 2014-08-23 [1] CRAN (R 3.6.0)
later 1.0.0 2019-10-04 [1] CRAN (R 3.6.2)
lattice 0.20-38 2018-11-04 [2] CRAN (R 3.6.2)
latticeExtra 0.6-29 2019-12-19 [1] CRAN (R 3.6.2)
lazyeval 0.2.2 2019-03-15 [1] CRAN (R 3.6.1)
leaps 3.0 2017-01-10 [1] CRAN (R 3.6.1)
lifecycle 0.1.0 2019-08-01 [1] CRAN (R 3.6.1)
magrittr * 1.5 2014-11-22 [1] CRAN (R 3.6.1)
MASS 7.3-51.5 2019-12-20 [1] CRAN (R 3.6.2)
Matrix 1.2-18 2019-11-27 [1] CRAN (R 3.6.2)
memoise 1.1.0 2017-04-21 [1] CRAN (R 3.6.2)
mime 0.8 2019-12-19 [1] CRAN (R 3.6.2)
miniUI 0.1.1.1 2018-05-18 [1] CRAN (R 3.6.2)
mitools 2.4 2019-04-26 [1] CRAN (R 3.6.1)
munsell 0.5.0 2018-06-12 [1] CRAN (R 3.6.1)
nnet 7.3-12 2016-02-02 [2] CRAN (R 3.6.2)
nortest 1.0-4 2015-07-30 [1] CRAN (R 3.6.0)
openxlsx 4.1.4 2019-12-06 [1] CRAN (R 3.6.2)
pillar 1.4.3 2019-12-20 [1] CRAN (R 3.6.2)
pkgbuild 1.0.6 2019-10-09 [1] CRAN (R 3.6.2)
pkgconfig 2.0.3 2019-09-22 [1] CRAN (R 3.6.1)
pkgload 1.0.2 2018-10-29 [1] CRAN (R 3.6.2)
plyr * 1.8.5 2019-12-10 [1] CRAN (R 3.6.2)
png 0.1-7 2013-12-03 [1] CRAN (R 3.6.0)
prettyunits 1.0.2 2015-07-13 [1] CRAN (R 3.6.1)
processx 3.4.1 2019-07-18 [1] CRAN (R 3.6.1)
promises 1.1.0 2019-10-04 [1] CRAN (R 3.6.2)
ps 1.3.0 2018-12-21 [1] CRAN (R 3.6.1)
purrr 0.3.3 2019-10-18 [1] CRAN (R 3.6.1)
R6 2.4.1 2019-11-12 [1] CRAN (R 3.6.2)
RcmdrMisc * 2.5-1 2018-09-10 [1] CRAN (R 3.6.1)
RColorBrewer 1.1-2 2014-12-07 [1] CRAN (R 3.6.0)
Rcpp 1.0.3 2019-11-08 [1] CRAN (R 3.6.2)
readr * 1.3.1 2018-12-21 [1] CRAN (R 3.6.1)
readxl 1.3.1 2019-03-13 [1] CRAN (R 3.6.1)
remotes 2.1.0 2019-06-24 [1] CRAN (R 3.6.2)
rio 0.5.16 2018-11-26 [1] CRAN (R 3.6.1)
rlang 0.4.2 2019-11-23 [1] CRAN (R 3.6.2)
rmarkdown 2.0 2019-12-12 [1] CRAN (R 3.6.2)
rpart 4.1-15 2019-04-12 [2] CRAN (R 3.6.2)
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rprojroot 1.3-2 2018-01-03 [1] CRAN (R 3.6.2)
rstudioapi 0.10 2019-03-19 [1] CRAN (R 3.6.1)
rvest 0.3.5 2019-11-08 [1] CRAN (R 3.6.2)
sandwich * 2.5-1 2019-04-06 [1] CRAN (R 3.6.1)
scales 1.1.0 2019-11-18 [1] CRAN (R 3.6.2)
scatterplot3d 0.3-41 2018-03-14 [1] CRAN (R 3.6.0)
sessioninfo 1.1.1 2018-11-05 [1] CRAN (R 3.6.2)
shiny 1.4.0 2019-10-10 [1] CRAN (R 3.6.2)
snakecase 0.11.0 2019-05-25 [1] CRAN (R 3.6.1)
stringi 1.4.3 2019-03-12 [1] CRAN (R 3.6.0)
stringr * 1.4.0 2019-02-10 [1] CRAN (R 3.6.1)
survey 3.36 2019-04-27 [1] CRAN (R 3.6.1)
survival 3.1-8 2019-12-03 [1] CRAN (R 3.6.2)
tab * 3.1.2 2016-09-20 [1] CRAN (R 3.6.2)
testthat 2.3.1 2019-12-01 [1] CRAN (R 3.6.2)
thesisdown * 0.0.2 2019-12-27 [1] Github (ismayc/thesisdown@0024950)
tibble 2.1.3 2019-06-06 [1] CRAN (R 3.6.1)
tidyr * 1.0.0 2019-09-11 [1] CRAN (R 3.6.1)
tidyselect 0.2.5 2018-10-11 [1] CRAN (R 3.6.1)
usethis * 1.5.1 2019-07-04 [1] CRAN (R 3.6.2)
vctrs 0.2.1 2019-12-17 [1] CRAN (R 3.6.2)
viridisLite 0.3.0 2018-02-01 [1] CRAN (R 3.6.1)
webshot 0.5.2 2019-11-22 [1] CRAN (R 3.6.2)
withr 2.1.2 2018-03-15 [1] CRAN (R 3.6.1)
xfun 0.11 2019-11-12 [1] CRAN (R 3.6.2)
xml2 1.2.2 2019-08-09 [1] CRAN (R 3.6.1)
xtable 1.8-4 2019-04-21 [1] CRAN (R 3.6.1)
yaml 2.2.0 2018-07-25 [1] CRAN (R 3.6.0)
zeallot 0.1.0 2018-01-28 [1] CRAN (R 3.6.1)
zip 2.0.4 2019-09-01 [1] CRAN (R 3.6.1)
zoo 1.8-6 2019-05-28 [1] CRAN (R 3.6.1)
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